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PREFACE 

The RCA Ground-Comnanded Te lev i s ion  iissembly (GCTA) c o n s i s t s  
of a coIar  t e l e v i s i o n  camera ( the  CTV), a .geIev is ion  c o n t r o l  
u n i t  ( the TCU) and associated cab1 ing ,  brmketry,  a n d  hardware. 
Design of t h e  GCTA i s  based on the RCA Lunar Surface Color 
Carrier3 produced f o r  NASA under Con t rac t  NAS 9-10781, Both s y s -  
tems use a s i l i c o n  i n t e n s i f i e r  t a r g e t  (SIT) sensor and f i c l d -  
s e q u e n t i a l  c o l o r  wheel t o  gene ra t e  c o l o r  t e l e v i s i o n  images. 
The assembl ies  are be ing  produced by RCA f o r  t h e  NASA Manned 
Spacec ra f t  Center  (MSC) i n  Houston, Texas under Cont rac t  NAS 9 -  
11260. 

This I n t e r i m  F ins1  P.eport summarizes work performed unde r  Con- 
t r a c t  NbS 9-11260 from c o n t r a c t  award (July 31, 1970) through 
February 15,  1972.  
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Frontispiece. RCA Ground- Commanded Television Assembly 



. SECTION I 
' .  

XNTRUDUCTION 

A. Miss ion  Requirements 

The RCA Ground-Commanded Color  T e l e v i s i o n  Assembly (GCTA) was designed 
f o r  use on lunar  exp lo ra t i ons  assoc ia ted  w i t h  NASA manned A p o l l o  missions. 
The caniera system a s  seen on A p o l l o  15 p rov ided  { e l e v i s i o n  coverage i n  
the  v i c i n i t y  o f  the Lunar E4odule (LM) l and ing  s i t e ,  and was mounted on t h e  
Lunar Roving Veh ic le  (LRV) t o  p rov ide  c o l o r  coverage o f  as t ronau t  a c t i v i t y  
and lunar  topography du r ing  t raverses on the sur face.  Remote c o n t r o l  o f  
the camera from Ear th  was accompl ished through the  e x i s t i n g  r e a l - t i m e  A p o l l o  
command l i n k s .  The assembly i s  i l l u s t r a t e d  i n  the F ron t i sp iece .  

The RCA GCTA c o n f i g u r a t i o n  s a t i s f i e d  a l l  a n t i c i p a t e d  requirements of the  
A p o l l o  I5 miss ion  and was f u l l y  responsive t o  customer s p e c i f i c a t i o n s .  The 
techn ica l  approach was based on proven designs and o f f e r e d  maximum miss ion  
f l e x i b i l i t y ,  p o t e n t i a l  growth, and capabi 1 i t y  t o  w i ths tand  envi ronmental 
extremes encountered on the lunar  surface. I n  a d d i t i o n :  

. Maximum use was made o f  e x i  s t i ng f 1 i gh  t -qual  i f i ed scbsys tem des i gns 
t o  reduce c o s t  and perrni t r a p i d  hardware f a b r  i ca t i on .  Conf i dence 
i n  the design was enhanced by e x c e l l e n t  performance o f  the QTV-9 
camera p r e v i o u s l y  designed f o r  NASA. Both cameras use the S i l i c o n  
I n t e n s i f i e r  Target  (SIT) sensor and f i e l d - s e q u e n t i a l  c o l o r  wheel, 

. The thermal design engineers who p a r t i c i p a t e d  I n  the  GCTA p r o j e c t  
performed a s i m i l a r  f u n c t i o n  f o r  the LCRU. Th is  frcct assured 
c o m p a t i b i l i t y  of the  thermal, e l e c t r i c a l ,  and mechanical i n t e r f a c e s  
between t h e  LCRU and the GCTA. . ' 

. P o s i t i o n a l  data f o r  GCTA ground-commandsd func t i ons  were prov ided 
by s tepper  motors. No te lemetry  was requ i red  t o  determine camera 
p o s i t i o n  f o r  p o i n t i n g  a t  a des i red  scene. 

As no ted  above, des ign o f  the GCTA.camera was based on the RCA QTV-9. 
Both systems were designed with grounding techniques t h a t  separate v ideo 
s i g n a l s  f rom paver re tu rns  t o  prevent  degradat ion o f  p i c t u r e  qual i t y .  The 
cameras were f r e e  of i n t e r n a l  i n t e r f e r e n c e  t h a t  migh t  produce spur ious 
p a t t e r n s  i n  t h e  p i c t u r e .  Thermal design of  the GCTA system a l lowed con- 
t inuous opera t i on  on the l una r  surface du r ing  as t ronau t  e x t r a - v e h i c l e  
a c t i v i t y  (EVA'S)  , and d i d  n o t  i n t e r f e r e  w i t h  ope ra t i on  o f  the  LRV. 
Thermal surfaces were brushed f ree  of dus t  w i  t hou t  damage. 

Use o f  the SIT sensor i n  the  GCTA prov ided h igh  s e n s i t i v i t y ,  freedom f rom 
"s t i cky "  images a t  h i g h  1 i g h t  i r i t ens i  t i e s ,  wide in t ra -scene dynamic range, 
very  rugged cons t ruc t i on ,  freedom f r o m  microphonics,  and wide-range au to rn i~ t i c  
1 i g h t  c o n t r o l  (ALC). S I T  performance i s  summarized i n  Table 1 - 1 .  

The GCTA camera fea tu red  automat ic  color-wheel phasing, an approach t h a t  
synchroniz ing pe r tu rba t i ons .  The camera system a l s o  was designed 
i e n t  f i e x i b i l i t y  t o  a l lo iv  s imply  m o d i f i c a t i o n s  (i.e., i n c o r p o r a t i o n  . 
f i l t e r s  t o  rep lace the  r o t a t i n g  wheel) and s e r v i c e  i n  o ther  missions 
ight-.le,del performance i s  nsndatory.  

- e l i m i n a t e d  
w i th  s u f f i  
of  s t r  i ped 
where low 

A n  o v e r a l l  sununary o f  GCTA performance i s  g i ven  i n  Table 1-2. 
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TABLE 1-1. SIT PERFOPSYlANCE CHARACTERISTICS 

Parameter 

S p e c t r a l  Response 

Reso lu t ion '  

S igna l  Current  

Dark Current  

S e n s i t i v i t y  ti D y n a m i c  
Range Typical. 

Gamma 

Scene Dynamic Range 

Shading 

Operat ing Temperature 

L i f e  

~~ 

Value 

' 3500- 7000 Angs 1: roms 
c 

Minimum 40% @ 200 TVL 

Typ ica l  400 nA 

Maximum 1.5 nA @ 30OC 

1 to 10,000 foot- 
lambert Scene 

/ 

1*0 

32:l  Minimum 

Maximum 20% 

(-10% t o  +50°C) 

Minimum 500 Hours 
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TABLE 1-2. PEPYFORNANCE SUMMARY 'OF RCA GCTA 

Parzmeter 

Sensor 

S e n s i t i v i t y  

Re s 01 u t  i on  

ALC Dynamic Range 

Non - 1 i n e a r i t  y 

Shading 

Gray Scale 

Video Output 

ALC 

Opt i.c s 

Eeve 1 

horn r a t i o  
Iris c o n t r o l  
Pan angle  
T i l t  angle  

Power 

Phys lcz l  C h a r a c t e r i s t i c s  
W c  i gh  t 
V o 1 vrze 

C h a r a c t e r i s t i c  

S i l i c o n  I n t e n s i f i e r  Targe t  (SIT) 
Tube 

B e t t e r  t han  32-dB s i g n a l - t o -  
n o i s e  r a t i o  a t  3 foo t - l amber t s  

80 percent  response a t  200 TVL 

1000 t o  1 ( m i n i m u m )  

3 percen t  (maximum) 

20 percen t  (maximum) 

Ten \ I I s t e p s  

1 volt p-p i n t o  75-ohm load  
F u l l  E I A  sync 

PEAK or  AVERAGE d e t e c t i o n  modes 
Remote c o n t r o l  w i t h  inanual 
o v e r r i d e  

6 :  1 
f / 2 , 2  t o  f/22 
+214(R), -134(L) 
+85 degrees  from h o r i z o n t a l '  
-45 

16.65 w a t t s  ( o p e r a t e )  7.95 
watts ( s tandby)  

18.24 pounds 
455  cubic  inches  

I- 3 
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B. Equipment Desc r ip t ion  

Func t iona l  block diagrams of t h e  GCTA Color T e l e v i s i o n  
Camera (CTV) 2nd the T e l e v i s i o n  Cont ro l  k i t  (TCU) are 
provided i n  Figures 1-1 and 1-2 € o r  r e f e r e n c e  by the  
r e a d e r  du r ing  t e c h n i c a l  d i s c u s s i o n s .  

The Color T e l e v i s i o n  Camera (CTV) uses b a s i c  monochrome 
techniques t o  produce h i g h - q u a l i t y ,  f i e l d - s e q u e n t i a l  
c o l o r  te levis ion a t  s t anda rd  (NTSC) . l i ne  and frame rates. 
The camera uses a s i n g l e  s i1ico.n i n t e n s i f i e r  t a r g e t  (SIT) 
tube and a synchronous r o t a t i n g  f i l t e r  wheel t o  gene ra t e  
color video data. A zoom l e n s  i s  inco rpora t ed  w i t h  pro- 
v i s i o n s  f o r  manual o r  remote c o n t r o l  of zoom and i r i s  
s e t t i n g s ,  Automatic l i g h t  c o n t r o l  (ALC) ope ra t ing  on 
average o r  peak scene luminance a l s o  i s  inco rpora t ed .  
ALC may be s e l e c t q d  manually o r  by rexote c o n t r o l .  

The T e l e v i s i o n  Cont ro l  Unit  (TCU) permi ts  'ground-commanded 
o p e r a t i o n  of t h e  CTV. A 7O-kKz modulated s u b c a r r i e r  s i g -  
n a l  2s sent  to the TCU from t h e  LCRU, and the TCU decodes 
this sfgnal  and executes v a l i d  r e a l - t i m e  corrrnands. The 
TCU c r a d l e ,  mechanical ly  d r i v e n  i n  azimuth a n d  e l e v a t i o n ,  
h o l d s  t he  CTV f o r  remote p o i n t i n g  i n  response t o  ground 
commands. The TCU e l e c t r o n i c s  provide c o n t r o l  s i g n a l s  to 
o p e r a t e  t h e  zoom, i r i s ,  and ALC f u n c t i o n s  of the camera, 
and provides  CTV power ON/OFF c o n t r o l  i n  response t o  
ground comiiand o r  manual swi tch  ope ra t ion .  
the LCRU f o r  OIL/OFF c o n t r o l  of t h e  FM t r a n s m i t t e r  and OH/ 
OFF c o n t r o l  of t h e  1.25-XHz voice  s u b c a r r i e r  a l s o  a r e  
gene ra t ed  i n  the TCU. A f t e r  adding  a v e r t i c a l - i n t e r v a l  test 
s i g n a l  on l i n e  17  of each f i e l d ,  t h e  TCU r o u t e s  the  CTV 
composite v ideo  ou tpu t  s i g n a l  t o  t h e  LCRU. 

Covmands t o  

A s h o r t  s t a f f  a t  t h e  base of t h e  TCU e l e c t r o n i c s  box mounts 
t h e  GCTA t o  a f i t t i n g  on the LRV c h a s s i s  frame. The mount- 
i n g  s t a f f  has a swing-away c a p a b i l i t y  t o  a l l cw  removal of 
t h e  LCRU from t h e  LRV c h a s s i s  frame without  removing t h e  
GCTA. 

1-4 
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C. Program Summary 

RCA was in fo rned  of the  GCTA c o n t r a c t  award on 
3 August 1970. T o  meet the  c r i t i c a l  schedules  involved,  
immediate ac t ion  was taken  t o  staff  t h e  program, d e f i n e  
the t e c h n i c a l  problems and equipment i n t e r f a c e  r e q u i r e -  
ments, and i n i t i a t e  long-lead i t e m  procurement t o  m e e t  
c o n t r a c t  end-item d e l i v e r y  d a t e s .  
d e f i n i t i o n  f o r  t h e  program are shown i n  F igu re  1-3. 

Organiza t ion  and task 

The pre.l iminary GCTA des ign  and system i n t e r f a c e  review 
was held e a r l y  i n  September. Recommendations r e s u l t i n g  
from these meetings included: 

Addit ion of a thermal  s e n s o r  t o  provide an  i n d i -  
c a t i o n  of CTV v id i con  f a c e p l a t e  temperature ,  

Use of a compensator on t h e  TCU e l e v a t i o n  d r i v e  
dur ing  o p e r a t i o n  i n  a 1 - G  environment, 

Deletion of the d i r e c t  CTV-LCRU mode of GCTA 
operation and the requirement  for  a junction box, 

. Reappra i sa l  of t h e  o v e r a l l  GCTA grounding p h i l -  
osophy and  t h e  i s o l a t i o n  of power and s i g n a l  
grounds, 

. . Addi t iona l  a n a l y s i s  and t e s t i n g  of CTV pre-emphasis 
and/or  a p e r t u r e  c o r r e c t i o n  requirements  f o r  a 
t y p i c a l  l u n a r  scene ,  and 

Add i t iona l  a n a l y s i s  of t h e  GCTA thermal  des ign  t o  
permit  use of t h e  assembly dur ing  i n t e r - s o r t i e  
(non-EVA) pe r iods  on the l u n a r  s u r f a c e .  

A d e t a i l e d  GCTA Program Plan was submitted t o  t h e  customer 
i n  l a t e  September. The plan de f ined  t h e  RCA t e c h n i c a l ,  
managerial ,  and r e l a t e d  t a s k s  r e q u i r e d  t o  a s s u r e  GCTA pcr- 
formance s p c c i f i e d  by t h e  Cont rac t .  RCA planned a 20-month 
development and product  ion program f o r  t h e  Ground Commanded 
T e l e v i s i o n  tlssembly. During t h e  development. phase,  RCA d e -  
l ivered  f i v e  GCTA systems t h a t  were non-funct ioning,  bu t  
accuratc i n  mechanical conI igu ra t ion .  An D I C  p r o j e c t  eva lua -  
t i o n  1 1 n i t  ( func t ion ing  bra.ssboard) a l s o  was d e l i v e r e d .  During 
the p roduc t ion  yhasc, two GCTX Qual I f i c c t i o c  Ur 'F t s  and seven 
Flight: U n i t s  were scheduled f o r  d e l i v e r y .  

I-7 
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Dur ing October 1970, o v e r a l l  design of the GCTA was reviewed by sen io r  RCA 
s t a f f  engineer ing personnel ,  and a d d i t i o n a l  systems management suppor t  was 
prov ided t o  improve o v e r a l l  SCTA/LCRU/MSFN v ideo  system performance. 
See Sect ion  I 1 . B .  Two GCTA models were d e l i v e r e d  t o  MSC f o r  eva lua t ion .  
On October 28, NASA n o t i f i e d  RCA tha t  F l i g h t  Model No. 6 and No. 7 should 
be de le ted  f rom the con t rac t ,  i eav ing  f i v e  d e l i v e r a b l e  F l i g h t  Un i t s .  

A c r i t i c a l  des ign rev iew of t he  GCTA was he ld  i n  mid-November. 
recornendat ions were made and ac t ions  taken: 

The f o l l o w i n g  

. C a l i b r a t i o n  data f o r  the  CTV v i d i c o n  f a c e p l a t e  temperature sensor 
were p rov ided  t o  p e r m i t  system a n a l y s i s  o f  m iss ion  thermal p r o f i l e s ,  

. Test s i g n a l s  were i n s e r t e d  i n  the  GCTA v ideo ou tpu t  du r ing  a CTV 
b lank ing  p e r i o d  t o  a1 low system performance t e s t i n g ,  

. P e r i o d i c  a c t i v a t i o n  o f  the GCTA v i d i c o n  was recommended t o  p ro long  
s h e l f  l i f e .  The camera w i l l  be tu rned  ON f o r  30 minutes every 
90 days, 

. A rev i sed  t e s t  procedure was generated t o  v e r i f y  s teady-s ta te  and 
t r a n s i e n t  thermal performance o f  t h e  assembly, 

. The thermal b lanke ts  supp l ied  w i t h  the camera were vented, 

. RCA recornended t h a t  the  CTV focus and i r i s  c o n t r o l s  be mechanica l ly  
coupled through a p o r t i o n  o f  s e t t i n g  ranges, 

. Simulated l una r  dus t  t e s t s  were suggested. (The GCTA was sub jec ted  
t o  dus t  t e s t s  s p e c i f i e d  by NASA l a t e r  ri the program), and 

. System t e s t s  o f  t h e  GCTA w i t h  the  LCRU 
on v ideotape t o  p rov ide  systems analys 
c o r r e c t i o n ,  co r ing ,  ALC, and AGC p e r f o  

w i l l  be conducted and recorded 
s data and v e r i f y  CTV gamma 
mance. 

As a resu l  t o f  bear ing  f a i l u r e s  i n  the f i 1 ter wheel assembly o f  the QTV-9 
camera (Contract  NAS 9-10781), new bear ings and r e t a i n e r s  us ing  a I 'wet ' '  
l u b r i c a t i o n  process were incorpora ted  i n  t h e  GCTA f i l t e r  wheel assembly du r ing  
November. Tests  of t he  GCTA/LCRU cha in  a l s o  were performed t o  v e r i f y  the  
func t i ona l  ope ra t i on  o f  a l l  GCTA commands, the u p - l i n k  commarld system, and 
e l e c t r i c a l  c o m p a t i b i l i  t y  between the two u n i t s .  

i 



The EMC Eva lua t i on  Un i t  (S/N 001) was d e l i v e r e d  i.n November 1970. Aper tu re  
c o r r e c t i o n  c i r c u i t r y  was incorpora ted  i n  the EMC t o  perrni t  NASA evaluat ion.  

Dur ing December, f a b r i c a t i o n  o f  GCTA Q u a l i f i c a t i o n  Model Nos. 1 and 2 
(S/N 002, 003) commenced. Design changes generated by the c r i t i c a l  des ign 
rev iew i n  November and ALC/AGC c i r c u i t s  were incorpora ted .  Tes t  and evalua- 
t i o n  of  GCTA performance i n  the  o v e r a l l  v i deo  cha in  cont inued t o  determine 
optimum parameters f o r  an improved p i c t u r e .  Videotapes were generated f o r  
NASA/MSC s tudy . 
GCTA F l i gh t  Model Nos. 1 and 2 (S/N 004, 005) were re leased f o r  p roduc t i on  
du r ing  January 1971. Thermal ana lys i s  o f  NASA-modified miss ion  t i m e l i n e  
requirements i n d i c a t e d  t h a t  a thermal b lanket '  would be requ i red  on the GCTA 
du r ing  the  i n i t i a l  l una r  EVA. The EMC (S/N 00'1) was re tu rned  to AED. 

Assembly and t e s t  o f  t h e  two Q u a l i f i c a t i o n  Assemblies (Ql and 42) and F l i g h t  
Model Nos. 1 and 2 cont inued du r ing  February 1971. Q1 was shipped t o  NASA/MSC 
f o r  EMC t e s t i n g  on March 21. 
Space Center )  f o r  e l e c t r i c a l  c o m p a t i b i l i t y  t e s t i n g  and was re tu rned  t o  AED 
on A p r i l  26 f o r  complet ion o f  acceptance t e s t i n g .  

The u n i t  then was shipped t o  KSC (Kennedy 

F l i g h t  Model No. 1 was d e l i v e r e d  t o  KSC on A p r i l  15 f o r  f i t  checks and 
e l e c t r i c a l  t e s t i n g .  This  u n i t  was re tu rned  t o  AED on A p r i l  26 f o r  i n c o r p o r a t i o n  
of  chariges and complet ion o f  acceptance t e s t s .  
(GSE) and a system-level  F a i l u r e  Mode, E f f e c t s ,  and C r i t i c a l i t y  Ana lys i s  
(FMECA) f o r  the GCTA were completed and submi t ted  t o  NASA for approval .  
Q1 assembly completed r e q u i r e d  t e s t s  and was shipped t o  MSC on May 21. P r i o r  
to  f i n a l  t es t i ng ,  the Q1 camera v i d i c o n  was replaced. Q u a l i f i c a t i o n  t e s t s  
on Q2 were completed i n  May. The f i n i s h e d  assembly was r e t a i n e d  a t  AED f o r  
backup and dust  t e s t i n g .  F l i g h t  Model No. 2 (S/N 005) was d e l i v e r e d  t o  KSC 
on June 8. F l i g h t  Model No. 3 (S/N 006) was shipped on J u l y  6. AED personnel 

t r a i n i n g  o f  MSC f l i g h t  c o n t r o l l e r s .  
GCTA F l i g h t  Model Uos. 4 and 5 ( S / N ' O O 7 ,  008) were scheduled f o r  d e l i v e r y  on 
August 9 and September 1, r e s p e c t i v e l y .  

The GCTA Command S imula tor  

The 

. were prov ided a t  NASA/MSC t o  a s s i s t  I n  setup o f  s i m i l a t e d  l una r  scenes and 
A t  l i f t o f f  o f  A p o l l o  15 on J u l y  26, 

GCTA F l i g h t  Un i t  No. 1 (S/N 004) accompanied as t ronauts  Scot t ,  I r w i n ,  and 
Worden a t  l i f t o f f  o f  A p o l l o  15 on 26 J u l y .  A f t e r  t rans luna r  f l i g h t ,  l una r  
o r b i t ,  descent, and a l u n a r  l and ing  near Hadley R i l l e ,  the GCTA was deployed 
t o  the Lunar Roving Veh ic le  on 31 Ju ly .  The u n i t  remained on t h e  LRV dur ing  
the  th ree  exp lo ra to ry  t raverses  scheduled f o r  the m i  ssion, and t e l e v i s e d  
lunar  1 i f t o f f  o f  the LM ascent  stage on 2 August. 
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Ground-commanded opera t i  on of the  GCTA p r o v i  dcd MCC w i  t h  v i s u a l  surve i  1 lance 
o f  as t ronaut  a c t i v i t y  on the  lunar  sur face.  
excel  1 en t . The p rov i s i  on f o r  "peak" and "average" modes o f  automat i c 1 i gh t 
c o n t r o l  (ALC) i n  the CTV increased the bounty o f  s c i e n t i f i c  data gathered 
dur ing  the EVAs,  and proved the camera's a b i l i t y  to handle extremes o f  
scene luminance. 

Overa l l  p i c t u r e  q u a l i t y  was 

A c t i v i t y  on the program fo l lac r ing  the  successfu l  Apollo 15 miss ion  centered 
on a n a l y s i s  o f  GCTA performance and changes r e q u i r e d  t o  improve GCTA 
o p e r a t i o n  f o r  the  A p o l l o  16 mission. 
increase the  margins o f  GCTA thermal performance. A p o l l o  15 exper ience 
i n d i c a t e d  t h a t  the  temperatures a t  which the assembly must operate should be 
increased, Sec t ion  V, Refurbishment, d e t a i l s  t h i s  a c t i v i t y  dur ing  the l a t t e r  
h a l f  o f  1971 and e a r l y  1972. 

A redesign e f f o r t  'was i n i t i a t e d  t o  



SECTION I1 



SECTION I1 

EQUIPMENT DESIGN 

The GCTA equipment used d u r i n g  t h e  Apollo 1 5  mis s ion  was 
f u l l y  r e spons ive  t o  customer requi rements .  During t h e  e n t i r e  
des ign  and f a b r i c a t i o n  phases  of t h e  Program, t e c h n i c a l  
t r a d e o f f  s t u d i e s  and customer-approved des ign  changes were 
made t o  ensure maximum r e l i a b i l i t y  and o p e r a t i o n a l  f l e x i b i l i t y  
of the GCTA/LCRU/MSC v ideo  cha in .  The fo l lowing  paragraphs-  
i d e n t i f y  b r i e f l y  t h e  major a r e a s  of d e s i g n  e f f o r t .  

A. P r o j e c t  "Rainbow" 

I n  October 1 9 7 0 ,  RCA c o r p o r a t e  managemeyt i n i t i t t e d  a 
company-sponsored program des igna ted  Project kainbow 
review a l l  a s p e c t s  of t h e  GCTA Apollo 15 t e l e v i s i o n  mission.  
The o b j e c t i v e  of t h i s  systems eng inee r ing  e f f o r t  was t w o f o l d : ( l )  
t o  e n s u r e  t h a t  RCA equipment i n  t h e  v i d e o  cha in  i n t e r f a c e d  and 
performed p r o p e r l y  w i t h  o t h e r  e1ement.s i n  t h e  system: and 
( 2 )  t o  assist  NASA i n  improving o v e r a l l  p i c t u r e  q u a l i t y  and 
s i g n a l  process ing  throughout  t h e  ground s t a t i o n  complex. By 
d e t a i l e d  review of each l i n k  i n  t h e  v ideo  s i g n a l  c h a i n ,  v ideo  

* n o i s e ,  feedback,  and r e l a t e d  t e c h n i c a l  problems w e r e  minimized:- 
from t h e  l u n a r  scer,e t o  r e c e p t i o n  a t  a home r e c e i v e r .  

t o  

The Project; "Rainbow" e f f o r t  r e s u l t e d  i n  s u b s t a n t i a l  improvements 
in t h e  o v e r a l l  performance of Apollo 15  t e l e v i s i o n .  Gamma 
c o r r e c t i o n  was sEggested and inco rpora t ed  i n  t h e  GCTA ciirnera 
t o  reduce  "blooming" and compensate f o r  extreme v a r i a t i o n s  i n  
luna r - su r face  l i g h t  l e v e l s .  LCRU grounding was modified t o  
improve i s o l a t i o n  between v ideo  and aud io  siqnals. In s e v e r a l  
cases, t h e  v ideo  l i n k s  between ground s t a t i o n s  w e r s  r e r o u t e d  
t o  reduce p i c t u r e  smear, r i n g i n g ,  and lo s s  of "sync".  Minor 
m o d i f i c a t i o n s  a l s o  were made t o  improve l i n k  t o l e r a n c e  t o  
no i sy  v ideo  s i q n a l s .  I n  a d d i t i o n  , t h e  t i m e  d e l a y s  i n h e r e n t  
i n  t h e  u s e  of  t h e  a v a i l a b l e  d a t a  l i n k s  w e r e  s imula ted  t o  provide  
NASA personnel  w i t h  r e a l i s t i c  o p e r a t i o n a l  d a t a  f o r  GCTA c o n t r o l  
du r ing  t h e  miss ion .  More d e t a i l s  of t h i s  a s p e c t  of P r o j e c t  
"Rainbow" a r e  provided i n  S e c t i o n  I V ,  Launch Support .  
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€3. Mission Timelines  

The GCTA was designed t o  perform .as s p e c i f i e d  du r ing  both 
of t h e  fo l lowing  l u n a r  s u r f a c e  schedules  ( t i m e l i n e s ) :  

Timeline No. 1 

Opera t ion  du r ing  e x t r a - v e h i c l e  a c t i v i t y  (EVA) 
periods of t h r e e  t o  seven hours  d u r a t i o n  w i t h  a 
14-hour p e r i o d  between EVA pe r iods  and p r i o r  t o  
l i f t o f f  of t h e  Lunar Module (LM) from t h e  l u n a r  
s u r f  ace . 
Timeline No. 2 

Opera t ion  dur ing  EVA No. 1 (5-hour d u r a t i o n )  
fol lowed by a 14-hour per iod  t o  t h e  nex t  EVA; op- 
e r a t i o n  dur ing  EV.4 No. 2 (6-hour d u r a t i o n )  fol lowed 
by a 13-hour pe r iod  t o  t h e  next  EVA; o p e r a t i o n  du r -  
i n g  EVA No. 3 (4-hour d u r a t i o n )  fol.lowed by a 5-hour 
period to the n e x t  EVA; and  operation d u r i n g  EVA No, 
4 (4-hoirr dura t ion)  followed by a 14-hcxr  period 
p r i o r  t o  LM l i f t o f f  and a scen t .  

The assembly was no t  r equ i r ed  t o  o p e r a t e  wh i l e  t h e  
Lunar Roving Vehic le  (LRV) was i n  motion on th.e 
l u n a r  s u r f a c e .  Continuous o p e r a t i o n ,  however, was 
a requirement  dur ing  t h e  EVA p e r i o d s  and t h e  i n t e r -  
vals  between EVAs and p r i o r  t o  l u n a r  l i f t o f f .  The 
GCTA a l s o  was r e q u i r e d  t o  be capab le  of w i ths t and ing  
s o l a r  i n p u t s  a t  t h e  fo l lowing  sun a n g l e s  du r ing  t h e  
m i  s s i on : 

A 5-degree sun angle  a t  l u n a r  touchdown (co ld -  
case d e s i g n ) ,  and 

A 60-degree sun ang le  a t  l u n a r  l i f t o f f  ( h o t -  
c a s e  d e s i g n ) .  

P rov i s ions  f o r  thermal  c o n t r o l  of t h e  GCTA cons idered  
degrada t ion  from l u n a r  d u s t  and assumed wors t -case  
thermal  c o n d i t i o n s .  Tables  11-1 and 11-2, and F igu re  
11-1 provide t h e  b a s i s  f o r  thermal  des ign  (bo th  hot 
and c o l d  c a s e s )  of t h e  GCTA. 
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TABLE 11-1. EOT CASE GCTA THERMAL 

1, Use t h i s  Table f o r  a l l  EVAs i n  
s u r f a c e  t i m e l i n e s  f o r  h o t  case. 

DESIGN GUIDELIhrES 

con junc t ion  w i t h  l u n a r  

2.  This traverse i s  f o r  a 7-hour EVA. S c a l e  down a l l  t i m e s  
except  those a t  t h e  LM for a s h o r t e r  EVA. 

3. Assume a ZOO sun ang le  ( t o  t r u e  ho r i zon)  a t  l a n d i n g  + to/ 
hour increase dur ing  luna r  s t a y .  

4. 

5 .  

LM l and ing  on 7' s lope .  

Use l u n a r  surface temperatures  de r ived  from F i g u r e . 1 1 - 1  
( V a r i a t i o n  of Lunar Surface Temperature With Sun Angle.)  

Detailed h o t  t r a v e r s e  t i m e l i n e  (Copernicus peaks):* 6. 

STOP - 

LM 
1 
2 
3 
4 
5 

7 
8 
9 
10 
LM 

. 6 .  

30 
20 
25 
15 
25 
25 
15 
20 
20 
15 
15 
30 
- 
255 min. 

LURAIN ANGLE 

+7O 
Lcve 1 

+70 
+2O 
4-7 O 

+7 O 

+7O 
Leve 1 

+20° 
+20° 
+2O 
+7O 

TRAVERSE TIME TO 
NEXT STOP ( M I N )  
(No power a v a i l a b l e )  

33 
1.4.4 
17.5 
5.9 

1-4.1 
6.7 
9.6 

27 .4  
6.0 
6 .0 

26.4 

-- 
- 
165 min. ' 

7. GCTA Operat ion f o r  30 minutes a f t e r  U4 l i f t o f f  i s  r e q u i r e d .  

8. Power w i l l  no t  be cons idered  a v a i l a b l e  t o  t h e  GCTA dur ing  
pe r iods  betweenEVAs and a f t e r  t h e  l a s t  EVA p r i o r  t o  LM lift- 
off. The GCTA w i l l  be i n  t h e  s u n l i g h t  f o x . t h e s e  pe r iods .  

9. The CTV must ope ra t e  f o r  one hour  p r i o r  t o  t h e  s t a r t  of t h i s  
t r a v e r s e .  

* Lurain angle  d u r i n g  LRV moving operations i s  assumed t o  be same 
as a t  l a s t  s top .  Lura in  ang le s  a r c  t o  be cons ide red  b i a sed  t o  
worst-case c o n d i t i o n s .  
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TABLE 11-2 .  COLD CASE GCTA THERMAL DESIGN GUIbELINES 

1. Use t h i s  Table  f o r  a l l  EVAs i n  con junc t ion  w i t h  l u n a r  
s u r f a c e  t i m e l i n e s  f o r  co ld  c a s e .  

2. T h i s  traverse i s  for a 7-hour EVA. S c a l e  down a l l  t i m e s  
except  t hose  a t  t h e  IN f o r  a s h o r t e r  EVA. 

Assume a 5' sun a n g l e  a t  Dl l and ing  + %'/hour i n c r e a s e  
d u r i n g  l u n a r  s t a y .  

3. 

4. Use l u n a r  s u r f a c e  tempera tures  de r ived  from F i g u r e  11-1. 
( V a r i a t i o n  of Lunar Surface  Temperature With Sun Angle.) 

5. GCTA o p e r a t i o n s  f o r  1 hour i n  shadow p r i o r  t o  t h e  f irst  
LRV t r a v e r s e  i s  r e q u i r e d .  , 

6. C e t a i l e d  c o l d  traverse t imel ine :*  

STOP TIHE AT STOP 
* -  

LIM 60 Sun 
Shadow 

Line 
--- 

1 25 Shade 
2 20 Shade 
3 15 Shade 

Shadow _I- 

Line 
LM 30 Sun 

150 Min. 

7. Power w i l l  n o t  be ava 
between E V A s  
The GCTA will 

SUN /SHADE TRAVERSE TIME TO 
NEXT STOP 
( N o  power a v a i l a b l e )  

Sun 26 Sun 

Sun/Shade 33 Shade 
Shade 31 Shade 
Shade 26 Shade 
Shade 34 Shade 

Shade /Sun 120 Sun 

-_ Sun 

.~ 

270 Min. 

a b l e  t o  t h e  GCTA dur ing  per iod  I 

and a f t e r  t h e  l a s t  EVA p r i o r  t o  LM l i f t o f f .  
. be i n  t h e  s u n l i g h t  f o r  t h e s e  pe r iods .  

8. GCTA o p e r a t i o n  f o r  30 minutes a f t e r  LM l i f t o f f  i s  r e q u i r e d .  

* Lura in  angle i s  assumed t o  be l e v e l .  
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Sui Angle ( O )  
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SECTION IV 

LAUNCH SUPPORT 

t. 

A .  Mission Thermal Analys is  

AED per sonne l  t r a v e l e d  t o  t h e  NASA Manned S p a c e c r a f t  
Center  i n  Houston, Texas t o  ana lyze  GCTA thermal  performance 
du r ing  the Apollo 1 5  m i s s i o n ,  t o  p rov ide  recommendations 
for  improvements and t o  ana lyze  t h e  thermal  problems i n h e r e n t  
i n  t h e  Apollo 1 6  Mission. 

R e s u l t s  of t h e  Apollo 15  Mission were compared w i t h  p r e f l i g h t  
p r e d i c t i o n s .  See F i g u r e  IV-1. The f l i g h t  tempera tures  
are h igher .  
t h e  s o l a r  a b s o r p t i v i t y  (a() of t h e  r a d i a t o r  s u r f a c e s  t h a n  
o r i g i n a l l y  a n t i c i p a t e d .  The worst-case d u s t o l v a l u e s  f o r  
t h e  m i r r o r s  was assumed t o  be 0 . 2 ,  b u t  t h e  f l i g h t  r e s u l t s  
i n d i c a t e  t h a t  t h e  va lue  could be as h igh  a s  0 . 4 .  

The major cause  was more 'severe d e g r a d a t i o n  of 

I n d i v i d u a l  e v e n t s ,  t h e  2 cooldown p e r i o d s  between EVA'S and 
a l s o  EVA 3 ( i n c l u d i n g  l i f t o f f )  were analyzed.  The cooldown 
pe r iod  between EVA 1 and 2 i s  shown i n  F igurg  IV-2.  
camera r a d i a t o r  f a c i n g  the siin and t i l t e d  4 5  t o  t h e  l u n a r  
s u r f a c e  c o n d i t i o n  was s a t i s f i e d  by cons ide r ing  t h e  mi r ro red  

'2; portion of t h e  r a d i a t o r  t o  have a s o l a r  a b s o r p t i o n  value of 
w 0.17 and by considering t h e  whi te  p a i n t  p o r t i o n  of t h e  

r a d i a t o r  t o  have a solar a b s o r p t i o n  v a l u e  of 0 .4 .  The 
cooldown p e r i o d  between EVA 2 and 3 i s  shown i n  F igu re  I V - 3  
w a s  s a t i s f i e d  by c g n s i d e r i n g  t h a t  t h e  r a d i a t o r  r e c e i v e d  
solar  h e a t  a t  a 1 0  inc idence  sun ang le  w i t h  a mirrord=0.2 
and a w h i t e  p a i n t & =  0 .5 .  The r a d i a t o r  also had a view 
f a c t o r  t o  t h e  high-gain antenna of 0 .10 .  

The c o r r e l a t i o n  of EVA 3 ( t h e  TV s tandby p e r i o d )  arid l i f t o f f  
coverage i s  shown i n  F i g u r e  IV-4 .  The s o l a r  abso rp tance  of 
t h e  r a d i a t o r  was cons idered  t o  be 0.25 du r ing  a l l  o p e r a t i n g  
p e r i o d s  except  f o r  t h e  pe r iod  between 3 . 5 - 4 . 3  hours .  During 
t h i s  p e r i o d ,  0 . 3 5  w a s  used f o r  r a d i a t o r  s o l a r  absorp tance .  

The a n a l y t i c a l  e f f e c t s  of  changing t h e  s u r f a c e  f i n i s h  on t h e  
r a d i a t o r  r e t a i n e r  r i n g  from w h i t e  p a i n t  t o  second-sur face  
m i r r o r s ,  and o f  changing t h e  s u r f a c e  f i n i s h  of t h e  bottom 
of t h e  camera base  mount  i s  shown on F i g u r e s  I V - 2  and IV-3 
f o r  t h e  two cooldown pe r iods .  See S e c t i o n  V f o r  complete 
d e t a i l s  on thermal  d e s i g n  changes f o r  t h e  Apollo 1 6  mission.  

The 
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B. Lunar Scene  Modeling 

Ea r ly  tes ts  w i t h  t h e  GCTA.indicated c l e a r l y  t h e  need f o r  
rea l i s t ic  modeling of t he  l u n a r  s u r f a c e  t o  t r a i n  NASA f l i g h t  
c o n t r o l l e r s  and t o  op t imize  t h e  performance of each GCTA 
camera. The use of a s imula ted  l u n a r  scene  could  p rov ide  t h e  
c o n t r o l l e r s  w i t h  a c t u a l  d a t a - l i n k  t i m e  d e l a y s  t h a t  would be 
p r e s e n t  du r ing  t h e  Apollo 15  miss ion ,  and a l so  t r a i n  them 
i n  t h e  u s e  of ALC, ir is  and zoom changes,  and overa l l  c o n t r o l  
of a v a i l a b l e  l u n a r  l i g h t i n g .  

Based on ' expe r i ence  w i t h  a small l una r  scene  c o n s t r u c t e d  a t  
RCA, recommendations w e r e  made t o  NASA for c o n s t r u c t i o n  of 
a 16x24 f o o t  model of t h e  Hadley-Apennine l u n a r  surface r e g i o n  
a t  MSC (Houston). The 1 6  x 24  f o o t  model w a s  c o n s t r u c t e d  a t  
MSC and i l l u m i n a t e d  by a s i n g l e  30-ki lowatt  l i g h t  source .  The 
s ingle-source  l i g h t i n g  provided r e a l i s t i c  l u n a r  c o n t r a s t  and 
shadow c o n d i t i o c s .  The Q-1 GCTA camera then  w a s  p laced  near  
the c e n t e r  of t he  model and allowed t o  o p e r a t e  througho 
s imula ted  azimuth a n g l e s  (and sun-phase a n g l e s )  from 0 
A 3.5-second t i m e  d e l a y  w a s  i nco rpora t ed  i n  t h e  v ideo  o u t p u t  
f r o m  t h e  camera t o  s i rnulate  t h e  a c t u a l  t i m e  d e l a y s  a n t i c i p a t e d  
du r ing  t h e  mission.  

t o  1-80". 

I V - 6  



SECTION V 

REFURBISHMENT 

The basic objective of GCTA re furb ishment  e f f o r t  h a s  been 
t h e  improvement of thermal  performance margins a t  t h e  
tempera tures  exper ienced  on t h e  l u n a r  s u r f a c e  du r ing  t h e  
Apollo 1 5  mission. Based on an a n a l y s i s  of Apollo 15 data ,  
thermal  des ign  changes were i n d i c a t e d .  As a r e s u l t ,  CTV 
radiator s i z e  w a s  i n c r e a s e d ,  t h e  thermal  c o a t i n g s  on t h e  
CTV c r a d l e  and TCU p a i n t e d  s u r f a c e s  w e r e  modif ied t o  reduce 
operating t empera tures ,  and thermal  coupl ings  w i t h i n  t h e  
CTV were improved t o  reduce temperature  g r a d i e n t s  w i t h i n  
t h e  camera. I n  a d d i t i o n  t o  thermal  des ign  changes,  minor 
e lec t r ica l  and several mechanical mod i f i ca t ions  were made 
t o  t h e  Assembly. The fo l lowing  paragraphs d i s c u s s  each  of  
t h e s e  changes i n  greater d e t a i l .  

A. Thermal Design Changes 

1, Increased CTV Radiator Area 

T o t a l  CTV r a d i a t o r  surface was inc reased  by 2 2 . 4 %  by 
the use of second-surface mirrors on t h e  e x i s t i n g  CTV r a d i -  
ator r e t a i n i n g  r i n g .  The e f f i c i e n c y  of t h e  r a d i a t o r  s u r f a c e  
a l so  w a s  improved by i n c o r p o r a t i n g  t h e  mirrors  ( 4  = O.l/L=O. 8)  
t o  r e p l a c e  t h e  wh i t e  p a i n t  (d = 0.2/E = 0 . 9 )  p r e v i o u s l y  used 
on t h e  r i n g  s u r f a c e .  

2. Improved CTV I n t e r n a l  Couplings 

RTV-60 was a p p l i e d  t o  i n t e r f a c e  s u r f a c e s  wi th  t h e  CTV . 
t o  improve thermal  conduction coupl ings .  
c luded:  (1) t h e  r a d i a t o r / s i d e  cover ,  ( 2 )  t h e  r a d i a t o r / v i d i c o n  
s l e e v e  mounting b r a c k e t ,  ( 3 )  t h e  camera base/vidicon s l e e v e  
mounting b r a c k s t ,  and ( 4 )  t h e  camera base / s ide  cover  i n t e r -  
f a c e  s u r f a c e .  A d i s t i n c t  improvement i n  conduction coupl ing  
w i t h i n  t h e  camera r e s u l t e d .  Temperature g r a d i c n t s  w e r e  re- 
duced and a 5*C r educ t ion  i n  v id icon  o p e r a t i n g  temperature  
w a s  noted dur ing  t h e  t e s t .  The e f f i c i e n c y  of t h e  r a d i a t o r  
i n c r e a s e d  due to g r e a t e r  h e a t  flow from h o t t e r  areas t o  t h e  
rad ia tor  s u r f a c e .  T h e  r a d i a t o r  a l s o  r e j e c t e d  h e a t  a t  a 
h i g h e r  t e r n p r a t u r e .  
and des i  r a b l e  system f o r  camera-operating l u n a r  t i m e l i n e s .  
When t h e  camera i s  n o t  o p e r a t i n g ,  t h e  improved j o i n t  con- 
f i g u r a t i o n  does n c t  reduce v id icon  tempera tures  below pre-  
d i c t e d  l e v e l s ,  however. 

The s u r f a c e s  i n -  

The o v e r a l l  r e s u l t  i s  a more i so the rma l  
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Measurement of t h e  i n i t i a l  t empera ture  g r a d i e n t s  w a s  pe r -  
formed by mounting t h e  camera i n  a b e l l  j a r  a t  2x10'5 t o r r  
and exposing it t o  a low-temperature ' sur rounding  (approxi -  
mately -5OOC). The camera w a s  t u rned  ON i n  a normal oper-  
a t i n g  mode and t h e  e n t i r e  system w a s  al lowed t o  r each  
equ i l ib r ium.  The r e s u l t i n s  tempera ture  leve ls  and a r a d i e n t s  
between s e l e c t e d  b o d i e s  is-showh i n  F igu re  V - l a  l a b g l e d  
TEST 1 (Without RTV).  

The camera then  was removed from t h e  chamber and RTV-60 
w a s  a p p l i e d  between t h e  fo l lowing  j o i n t s :  (1) r a d i a t o r  t o  
clamp above v id i con  sleeve; ( 2 )  r a d i a t o r  t o  s i d e  cove r s ;  
( 3 )  side covers  t o  b a s e ;  and ( 4 )  base  t o  clamp above v i d i -  
con s l e e v e .  All j o i n t  screws were torqued  t o  s p e c i f i e d  
l e v e l s  a f t e r  RTV a p p l i c a t i o n .  The t es t  then  was r e r u n  i n  
t h e  same environment as TEST 1. The r e s u l t s  a r e  shown i n  
F igu re  V-lb l a b e l e d  TEST 2 (With RTV) .  

3 .  Replacement of DOW 9 F i n i s h  on TCU 

DOW 9 has  a r / (  = G.95 and a 6 = 0 . 6  and c o n t r i b u t e d  t o  
h igh  temperatures  a t  t h e  TCU e l e v a t i o n  d r i v e  assembly i f  
the camera cradle b o t t i m  w a s  elcpased to direct s u n l i g h t  

. for long periods of time. For t h i s  r e a s o n ,  t h e  DOW 9 s u r -  
f a c e  f i n i s h  on t h e  bottom of t h e  TCU camera c r a d l e  w a s  
r ep laced .  

Three cand ida te s  w e r e  cons idered  a s  replacement  c o a t i n g s :  

- Balsa-Mylar I n s u l a t o r  

- S c h j e l d a h l  Tape, and 

- White P a i n t  

A series of tests w e r e  performed t o  e v a l u a t e  t h e  e f f e c t i v e  
e m i s s i v i t y  of t h e  proposed balsa-mylar  i n s u l a t o r  a f t e r  
bonding i t  t o  t h e  camera mounting b r a c k e t .  All s u r f a c e s  
n o t  covered by t h e  i n s u l a t o r  were covered wi th  a thermal  
b l a n k e t .  Heat was a p p l i e d  t o  t h e  b r a c k e t  i n  a LN2 envi ron-  
ment, t h e  e q u i l i b r i u m  temperature  measured, and t h e  e f f e c t i v e  
e m i s s i v i t y  c a l c u l a t e d .  The t es t s  r e s u l t e d  i n  va lues  f o r  
e m i s s i v i t y  between 0 . 2  and 0 . 4 .  I t  was d i f f i c u l t  t o  o b t a i n  
a more e x a c t  measure of  e m i s s i v i t y  because of t h e  u n c e r t a i n t y  
i n  b l a n k e t  emi t t ance  f o r  t h e  i n s u l a t e d  a r e a s  a s  well a s  
u n c e r t a i n  e f f e c t s  from c a v i t i e s  i n  t h e  bottom of  t h e  b r a c k e t .  
The r e s u l t s  show t h a t  t h e  e f f e c - t i v e  e m i s s i v i t y  i s  above t h e  
expec ted  v.alue of 0 . 1 .  The i n s u l a t o r  a l s o  was found "io be 
subject t o  damaqe d u r i n g  handling due t o  f r a g i l e  c o n s t r u c t i o n .  
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a. TEST 1 (Without RTV) b. TEST 2 (With RTV) 

( A U  temperatures in OC) 

' Jo in t  - l# 

1 
2 
3 

5 
6 
7 
8 
9 

' 4 '. 

32.4 
L A  

A T  LEVELS (OC) 

- TEST 1 (without RTV) From To TEST 2 (with RTV) 

1 1 . 0  RAD TO V I D  SLEEVE 4 . 0  
3 .25  RAD TO AVG S I D E  COVER 2 . 2 5  
4.5 RAD TO RING 5.0 

1 0 . 5  RAD TO CLAMP ABOVE V I D  2 . 5  
7 .25 BASE TO AVG S I D E  COVER 3 . 0  

0 . 0  
0 . 0  BASE TO CLAMP ABOVE V I D  1 .5  
0 .5  V I D  SLEEVE TO CLAMP 1.5 
0.5 VID TUBE TO V I D  SLEEVE 0 . 5  

0 . 5  BASE TO V I D  SLEEVE 

FIGURE V-1. CTV Temperature Gradient T e s t  Results 



I n  summary, d i f f i c u l t y  i n  hand l ing ,  and a g r e a t e r  ef- 
f e c t i v e  e m i s s i v i t y  than  expected made t h e  balsa  i n s u l a t o r  
less advantageous t h a n  expectec? Dver o t h e r  sugges ted  
materials f o r  t h i s  a p p l i c a t i o n .  Add i t iona l  a n a l y s i s  
showed only  a marginal  d i f f e r e n c e  between t h e  o t h e r  t w o  
proposed c o a t i n g s  (2.4OF a t  t h e  e l e v a t i o n  motor), and 
white p a i n t  w a s  selected t o  r e p l a c e  t h e  DOW 9 f i n i s h .  

4 .  Repainted TCU Sur faces  

Lunar  d u s t  degraded TCU s u r f a c e  s o l a r  a b s o r p t i o n  
properties much mre than  o r i g i n a l l y  expected d u r i n g  t h e  
Apollo 1 5  mission.  To h e l p  reduce TCU o p e r a t i n g  tempera- 
tures i n  t h e  presence  o f  l u n a r  d u s t ,  whi te  p a i n t  has  been 
s u b s t i t u t e d  f o r  b l a c k  p a i n t  areas on t h e  TCU. F ive  squa re  
i n c h e s  on t h e  "park" s i d e ,  f i v e  squa re  inches  on t h e  "LRV" 
s i d e ,  and a l l  upper s u r f a c e s  of t h e  end cover  of t h e  TCU 
now are f i n i s h e d  with whi te  p a i n t .  

5. Thermal Design V e r i f i c a t i o n  

The e f fec ts  of t h e  above changes ir, thermal  d e s i g n  . w e r e  analysed using t he  GCTA thermal  des ign  computer model. 

fo l lowing  computer model parameters  : 
. Change N o .  1, (increase i n  CTV r a d i a t o r  s i z e )  a f f e c t e d  t h e  

o Node 46 Radia t ion  coupl ing  t o  space - 1 0 . 4 3  i n  2 
when t h e  camera i s  l e v e l .  

2 .05 view factor  t o  t h e  h igh  g a i n  an tenna)  = 8.82 i n  
when t h e  camera i s  t i l t e d  4 5  . 

e Node 46 Radia t ion  coupl ing  t o  space ( i n c l u d i n g  a 

Q Node 46 Radia t ion  coupl ing  t o  t h e  moon = 1 .61  i n  2 '  
when t h e  camera i s  t i l t e d  45O. 

The e f fec ts  of Change N o .  2 (improvement i n  CTV i n t e r n a l  
conduct ion coupl ings)  were determined by t h e  t e s t  program 
desc r ibed  above. The t e s t  r e s u l t s  showed t h e  fo l lowing  
improvement i n  conduction coupl ings  : 

- 0.29  w a t t s  (Prev ious  140.6 w ( N o w )  6+ Kvidicon-radi  a t o r  .- K1-7 - 
OC OC 

1.0 w ( P r e v i o u s ) J l . S  w (Now) - - 
C OC 0 

Krad ia to r - - s ide  cover= K1-5 
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w (Previous)  0 .9  w (Now) Q 'side cover-base= K5-6 - - 
O n  O n  

L L 

. 

0.2 w (Previous)  0 .5  w (Now) - 
e 'base-vidicon - K6-7 - - 

OC OC 

0 . 1 1 9  w (Previous)  e K r a d i a t o r - r e t a i n i n g  r i n g =  %-46 . -  
0.28 w - (Xow) 

OC 

The change t o  whi te  p a i n t  on t h e  bottom of t h e  CTV c r a d l e  
(Change N o .  3) r e s u l t e d  i n  t h e  fo l lowing  i n p u t  changes t o  
t h e  computer model fo r  both  c lean or dus ty  c o n d i t i o n s :  

2 = 7.95  i n  

30.12 

= 1 . 6 0  

R12-space 

R12 -moon 

R9-12 

8, Level C a m e r a  

o 4 5 O T i l t  Carrtera R12-space - =  1 1 . 4 7  

= 26.53 R12 -moon 

= 1.60 R9-12 
U s e d 1 2  = 0 . 2  fo r  t h e  c l ean  cond i t ion  c a s e ,  a n d d l 2  = 0 . 5  
fo r  t h e  dus ty  cond i t ion  case.  1 1 2  = 0 . 9  i s  used i n  both  
c l e a n  and dus ty  cases. 

Change N o .  4 ( r e p a i n t e d  TCU s u r f a c e s )  i s  s a t i s f i e d  i n  t h e  
computer model by changing d 2 5  t o  0 . 2 6  f o r  c lean-case 
va lues  and 0 . 4 0  f o r  dusty-case va lues .  a( 2 4  a l so  must be 
changes t o  0 . 2  f o r  c l e a n  case v a l u e s ,  and t o  0 . 5  f o r  dus ty  
case val-ucs. 

I n  summary, computer runs  were made t o  v e r i f y  t h e  impact of 
t h e  above thermal  des ign  changes. R e s u l t s  f o r  t h e  p r e s e n t  
Descartes Timeline w e r e  as follows: 



Event Begin (OF) End j°F) 

EVA 1 

EVA 3 

70 

43.3 

50.5 

80 

93.4 

114.1 

LIFTOFF 71.2 80.5 

For t h e  Apollo 1 6  mis s ion ,  a d d i t i o n a l  d e f i n i t i o n  of the 
thermal des ign  requi rement ,  o r  a f i n a l  Descar tes  T i m e l i n e ,  
i s  r equ i r ed .  A formal ized  procedure f o r  GCTA thermal  con- 
trol and management du r ing  the Apollo 1 6  & 1 7  mis s ions  also 
is necessary .  
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B. E l e c t r i c a l  Design Changes 

1. CTV Temperature Teleiiietry 

Changes were made i n  t h e  CTV T/M c i r c u i t r y  t o  provide  i n c r e a s e d  
s e n s i t i v i t y  i n  t h e  r e g i o n  from +4OoC t o  +7OoC, and t o  improve t h e  
c a l i b r a t i o n  accuracy  of i n d i v i d u a l  camera temperature  t e l eme t ry .  
F igu re  V-2 i l l u s t r a t e s  t h e  o r i g i n a l  and r e v i s e d  t e l e m e t r y  c i r c u i t  
c o n f i g u r a t i o n s ,  and F igu re  V-3 shows t h e  s e n s i t i v i t y  i n c r e a s e  
a f t e r  t h e  c i r c u i t  changes.  

2. Black Level Clamp 

Anomalous behavior  o f  t h e  v ideo  b l ack  l e v e l  was observed on 
t h e  F-4 camera (S/N 007) dur ing  thermal-vacuum t e s t i n g .  I n  p a r t i c -  
u l a r ,  t h e  b lack  l e v e l  a t  ‘40°C, r e f e r e n c e d  t o  t h e  porch l e v e l ,  was 
200 m i l l i v o l t s ,  a s  compared to  t h e  maximum va lue  s p e c i f i e d  i n  t h e  
procedure of  100 m i l l i v o l t s  ( f o r  a cap’ped l e n s  c o n d i t i o n ) .  The 
Apollo 1 6  miss ion  will r e q u i r e  o p e r a t i o n  of t h e  GCTA a t  tempera tures  
up-to 60W. The video black l e v e l  clamp and se t -up  procedures ,  
t h e r e f o r e ,  were reviewed t o  determine what changes were p o s s i b l e  
t o  improve b lack  l e v e l  performance w i t h  minimum impact on e x i s t i n g  
c i r c u i t r y  

The e f f e c t s  o f  gamma c o r r e c t i o n  and AGC on t h e  dark c u r r e n t  v a r i a -  
t i o n  of t h e  senso r  a r e  prime - i n f l u e n c e s  on t h e  v ideo  b lack  l e v e l .  
The gamma c o r r e c t i o n  has  an approximate g a i n  of  two f o r  low- leve l  
s i g n a l s  near  b l a c k ,  and t h e  AGC c i r c u i t  p rovides  a 3 t o  1 boost 
i n  dark  s i g n a l  froin a low-highl ight  scene  t o  a capped lens condi- 
t i o n .  
of t h e  100 m i l l i v o l t  maximum black l e v e l  t o l e r a n c e .  

Both of t h e s e  c i r c u i t s  were inco rpora t ed  a f t e r  A E D ’ s  adopt ion  

R e s u l t s  of t h e  review i n d i c a t e  t h a t  optimum use  of t h e  p r e s e n t  
c i r c u i t  c h a r a c t e r i s t i c s  can be ob ta ined  by a d j u s t i n g  camera b lack  
l e v e l  t o  40 m i l l i v o l t s  u s ing  a scene  w i t h  10-30 foo t - l amber t s  
h i g h l i g h t  b r i g h t n e s s  t h a t  c o n t a i n s  a b l ack  r e f e r e n c e  w i t h  a minimum 
c o n t r a s t  r a t i o  of 30 t o  1. Data was ob ta ined  f o r  Q-2 (S/N 003) i n  
t h i s  manner. A d d i t i o n a l  da t a  a l s o  w i l l  be ob ta ined  f o r  F-2 (S/N 005) 
and F-4 (S/N 007) us ing  t h i s  technique  and a capped l e n s  r e f e r e n c e .  
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a .  Discuss ion  

Table  V - 1  summarizes t h e  r e s u l t s  o f  t h e  i n i t i a l  L 

review. A l l  cameras, except  F - 3  (S/N 0 0 6 ) ,  were s e t  up u s i n g  t h e  
capped l e n s  r e f e r e n c e  for black  l e v e l .  
reviewing this da ta .  F i r s t ,  the 25OC r e a d i n g s  with capped l e n s  
exceeded t h e  s e t u p  procedure l i m i t s  (50 3 10 m i l l i v o l t s ) .  
l e v e l  ad jus tment  was being made i n  a room environment a f t e r  t h e  
camera was i n  o p e r a t i o n  f o r  sone t ime. 
was well above 25OC.  When t e s t e d  i n  tkiermal-vacuum at a c o n t r o l l e d  
tempera ture ,  t h e  v a l u e s  decreased by t h e  r e d u c t i o n  i n  dark c u r r e n t .  
To c o r r e c t  t h i s ,  t h e  black l e v e l  on each camera w i l l  be s e t  shortly 
a f t e r  tu rn-on ,  a t  a known tempera ture ,  b e f o r e  s e l f - h e a t i n g  occur s .  

Seve ra l  q u e s t i o n s  a r o s e  i n  

Black 

Thus, t h e  S IT  tempera ture  

Second, s i n c e  t h e  AGC g a i n  i -ncreases  by a f a c t o r  of 3 from an  
i l l u m i n a t e d  scene t o  a capped-lens c o n d i t i o n ,  the capped l e n s  d a t a  
should ,  i n  a l l  c a s e s ,  equal  o r  exceed t h e  scene b lack  d a t a .  This  
was found t o  be t r u e  o n l y  f o r  F-3 ( S &  006). F u r t h e r  examination 
showed the  probable  cause  f o r  t h i s .  Scene black d a t a  f o r  each of  
t h e  o t h e r  cameras was reduced from a v a i l a b l e  thermal-vacuum photo- 
graphs not intended f o r  t h i s  purpose. 
chEmber and has a low c o n t r a s t  r a t i o  (about  10 to  1). Thus, t h e  
e f f e c t i v e  scene black  c o n t r i b u t e s  a measurable s i g n a l  l c v e l ,  To 
e l i m i n a t e   his e f f e c t ,  new da ta  w i l l  be taken  wi th  a h i g h  c o n t r a s t  
c h a r t ,  exc luding  room ambien t - l i gh t  e f f e c t s .  Fu r the r  evidence of 
t h i s  i s  g iven  by F-3 (S/W 0 0 6 )  da ta  which was taken wi th  a 70:l 
c o n t r a s t  r a t i o  c h a r t .  Here,  a s  p r e d i c t e d ,  t h e  capped l ens  l e v e l s  
exceeded t h e  scene b lack  l e v e l s .  
17-3 ( S / N  006) was changed due t o  t h e  higher- th3n-average dark  dur- 
r e n t  of t h e  SIT senso r .  
a t  i nc reased  tempera tures ,  t h e  i n d i v i d u a l  s enso r  milst be adjusced 
for optimuin b lack  l e v e l  pe.rformance. 

The t e s t  scene i s  o u t s i d e  t h e  

The adjustment  procedure f o r  

To improve t h e  performance of t h e  GCTA 

The block diagram i n  F igure  V - 4  shows t h e  major v ideo  p rocess ing  
b locks  p e r t i n e n t  t o  t h i s  d i scuss ion .  The AGC c i r c u i t  c h r a c t e r -  
i s t i c s  a r e  shown i n  F igu re  v-5. 
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FIGURE V- 5. AGC CIRCUIT CI-IARACTERISTICS 

I t  t f  With t h e  l e n s  capped, t h e  AGC ga in  i s  f ixed  a t  p o i n t  
V-5 (gain of 3) .  
na ted ,  the gain decreases t o  point "B" (un i ty - .ga in ) .  
a t  about  3 foo t - l amber t s  and i s  a f u n c t i o n  of i n d i v i d u a l  I t  t I  

s e n s i t i v i t y .  The g a i n  holds  c o n s t a n t  u n t i l  p o i n t  C is reached 
a t  about  1000 foot - lamber ts .  The a c t u a l  p o i n t  i s  s e t  by t h e  ALC 
"ca tcher"  d iode ,  
1 1  i t  D which provides  an a t t e n u a t i o n  of about  1 /2 .  Opzrat ion beyond 
t h i s  point: r e s u l t s  i n  ove r load ,  and t h e  l e n s  i r i s  must be used t o  
l i m i t  l i g h t  l e v e l s .  
to t h e  s i g n a l .  With t h e  l e n s  c a p p e d ,  t h e  AGC o p e r a t e s  a t  maximum 
g a i n  and a m p l i f i e s  t h e  dark  c u r r e n t  v a r i a t i o n  w i t h  temperature  by 
a f a c t o r  of 3 .  

A 
When the lens is  uncapped and t h e  scene i l l un i -  

This  occurlcs 

i n  F igure  

S I T  

Inc reased  l i g h t  l e v e l s  then move t h e  ACC t o  po in t  

The AGC a f f e c t s  dark c u r r e n t  c o n t r i b u t i o n s  

The c i r c u i t  c o n f i g u r a t i o n  of the  gamma c o r r e c t o r  
of 2 f o r  s i g n a l s  i n  t h e  b lack  o r  near -b lack  r eg ion  pihen compared 
t o  mid-range and wh'ite s i g n a l s .  
of dark- -cur ren t  v a r i a t i o n s  on b lack  l e v e l  ou tpu t .  
c o r r e c t i o n  c i r c u i t  g a i n  of camera 4-2 (S/N 003) was measured to 
v e r i f y  t h i s  and foimd t o  a g r e e  q u i t e  w e l l  w i t h  t h e  expected r e s u l t s .  

p rovides  a g a i n  

This  f u r t h e r  i n c r e a s e s  t h e  e f f e c t  
The gamma 
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Two o t h e r  i t ems  were noted a t  t h i s  time. A 7.5 p e r c e n t  o f f s e t  
b i a s  s i g n a l  i s  suppi ied  t o  t h e  gamma c o r r e c t o r  t h a t  s e t s  a nominal 
50 m i l l i v o l t  b l ack  l e v e l  a t  t h e  o u t p u t  ir, t h e  absence of any o t h e r  
i n p u t  s igna l .  The camera b l a c k - l e v e l  adjustment  (video clamp 
reference) allows f o r  an  i n c r e a s e  o r  d e c r e a s e  i n  t h i s  va lue .  The 
second i t e m  noted was t h a t  the b lack  c l i p p e r  has  a h a r d - c l i p  p o i n t  
between 0 and -15 m i l l i v o l t s  ( r e fe renced  t o  t h e  porch)  but  a l s o  
has a so f t  knee between C 2nd about +50 m i l l i v o l t s .  This  s o f t  knee,  
i n  e f f e c t ,  f l a t t e n s  t h e  gamma c h a r a c t e r i s t i c s  i n  t h i s  r e g i o n  and 
minimizes the i n f l u e n c e  of dark  c u r r e n t  on black l eve l  caused by 
t h e  presence  of AGC and gamma c o r r e c t i o n .  

The s o f t  knee of t h e  b lack  c l i p p e r  can provide  maximum use  of t h e  
v ideo  dynamic range ( f o r  t h e  ma jo r i ty  o f  scenes of i n t e r e s t )  by 
s e t t i n g  t h e  b lack  Level t o  40 m i l l i v o l t s ,  u s ing  a low l i g h t  scene.  
A s  t h e  scene i l l u m i n a t i o n  dec reases  toward t h e  capped-lens c a s e ,  
t he  b lack  l e v e l  should i n c r e a s e  slowly. 

A f t e r  o b t a i n i n g  t e s t  da t a  on F-2 (S/N 005) and F-4 (S/N 007) per- 
forrnancc will be reviewed again. 
the original. anona ly  noted in F - 4 . ( S / N  007) is shown t o  be  setup-  
r e l a t e d ,  and no t  i! " f a i l u r e "  mechanism, 

Based on the p r e s e n t  a n a l y s i s ,  

The presence  of t r a n s i e n t -  type  n o i s e  i n  t h e  b lanking  r e g i o n ,  p r i o r  
t o  t h e  v ideo  clamp, a l s o  was suspec ted  of c o n t r i b u t i n g  t o  t h e  
changes i n  b lack  l e v e l  noted over t h e  range of  AGC c o n t r o l .  
graphs were talien of t h e  n o i s e  p r e s e n t  a t  t h e  v ideo  clamp i n  4-2 
(S/N 003). These photos showed t h a t  t he  c l a m p  c i r c u i t  i s  q u i t e  
e f fcc t - ive  i n  averaging  t h e  n o i s e  c o n t e n t .  The n o i s e  t r a n s i e n t s ,  
t h e r e f o r e ,  do no t  appear  t o  be a s i g n i f i c a n t  f a c t o r .  
d a t a  f o r  4-2 (S/N 003) i s  conta ined  i n  RCA Engineer ing Notebook 
47421. 

Photo- 

The t e s t  ~ 

b. Conclusions 

Based on t h e  above i n v e s t i g a t i o n  of v ideo  b l ack  l e v e l  s t a b i l i t y  
and performance i n  t h e  CTV, no c i r c u i t  changes were made. 
advantages of  modifying the  camera c i r c u i t r y  d i d  no t  j u s t i f y  t h e  
t i m e  a n d  c o s t s  r equ i r ed  t o  make t h e  p o s s i b l e  improvements. The 
problcm was solved through changes i n  t h e  s e t u p  procedures  f o r  
each  u r , i t .  

The 
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C ,  Mechanical Design Changes 

The e l e v a t i o n  c l u t c h  assembly, t h e  azimuth c l u t c h ,  and t h e  
azimuth s t o p s  were modified as t h e  r e s u l t  of post-mission ana ly -  
s is .  
motor t o rque  margins. 

The motor d r i v e  c i r c u i t r y  also was changed t o  i n c r e a s e  

1. E l e v a t i o n  Clu tch  

The performgnce of t h e  Apollo 15 e l e v a t i o n  c l u t c h  was inves -  
Using F l i g h t  Unit  t i g a t e d  a t  tempera tures  from ambient t o .  l l O ° C .  

No. 4 (S/N 007), the fo l lowing  test sequence was followed: 

~1 T e s t  I 

A.  Remove e l e c t r o n i c s  housing from t h e  TCU. 

B .  Mount t h e  e l e v a t i o n  yoke assembly on a s t a b l e  base .  

C .  V e r i f y  c l u t c h  s e t t i n g  a t  18  inch-pounds, and measure 
torque  a t  h o r i z o n t a l ,  4-450, - 4 5 O ,  and -85O t i l t  angles .  

Se t -up  t h e  e l e v a t i o n  yoke assembly i n  Tenney box. D. 

E .  Raise tempera ture  i n  10% increments from ambient t o  
l l O ° C .  
t u r e  and r eco rd .  Let u n i t  s t and  a t  l e a s t  30 minutes 
a t  each temperature  p r i o r  t o  reading  torque .  

Measure torque  a s  i n  S t e p  C f o r  each tempera- 

Q Tes t  2 

A. 

13.  Measure to rque  a t  ambient. 

Set-up t h e  e l e v a t i o n  yoke assemb1.y i n  Tenney box. 

C. Heat chamber t o  l O O O C  and l e t  s t a n d  f o r  approximately 
20 hours .  

D. Record to rque  a s  i n  ZC. 

E. 

F. 

Return t o  ambient temperature  and record  torque.  

Recycle t o  l.OO°C f o r  65 hours  and  record  torques .  

R e s u l t s  of the  above t e s t s  were as  f o l l a x s :  
. .  



Test: I - E .  Torque Measured a t  IO0 Increments  (25O t o  llO°C) 

5 .5  
5 .4  
4.2 
5.4 
5 . 4  
5 . 4  
5 . 5  
4.8 

FORCE (Lb .  )* 

Temperature I +450 Hor i z o n t  a I 1 -450 I - 8 5 O  I 
- 

5.5 
4.0 
3.7 
3 , 6  
3.7 
3.5 
3 . 4  
3 . 3  

~. 

Ambient 
47% 
6Q°C 
70% 
8OoC 
90% 

1 0 0 O C  
1 3. OOC 

~~ 

5 .5  
4.5 
3 .8  
4.2 
3 .6  
3.9 
3.5 
3.5 

5.5 
5.4 
4.8 
5 , O  
4.4 
4 . 8  
4.5 
4.5 

T e s t  2-C. Uni t  Returned t o  Ambient and Recycled t o  100°C 
f o r  1 7  Hours 

4 * 8  5 .8  
2.8 3.5 

Ambient 4 . 5  4.7 
100~C 3 . 3  2.9 

T e s t  2-F. U n i t  Returned t o  Ambient and Recycled t o  I.OO°C 
f o r  65 Hours 

Ambient 4 . 3  4 . 0  
1 oooc 3.0 2 .  1. 

Ambient 3.5 , 4.2 

3 .2  3 . 8  
1.3 2 . 8  
2 . 4  3 . 4  

*Torque = Force x 3 . 3  inches 

Based on the above t e s t s ,  t h e  e l e v a t i o n  c7utch was 
redes igned  from’ a d i s c  c l u t c h  wi th  a d i p r c n e  psd  (Apol l o  
I 5  c o n f i g u r a t i o n )  t o  a s i n g l e - w r a p  s p r i n g  c l u t c h  made of 
music w i r e .  The body of t h e  c l u t c h  i s  made of l u b r i c a t e d  
s i n t e r e d  bronze. See F igure  V-6  a ti b. 
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a. Redesigned C lu tch  b. Apollo 15 Clu tch  

F igu re  V-6. Apol lo  15 and 'Redesigned Clutch  Conf igu ra t ions  

The redes igned  c l u t c h  2nd e l e v a t i o n  d r i v e  assembly T J ~ S  

qua l  i f i c a t i o n - t e s t e d  i n  a vacuum chsmber wi th  a changing thermal 
environment. Clutch ove r r ide  torque  was neasurcd us ing  a s t r 3 i n  
gauge l o r  temperacures ranging  from -20% t o  I O O O C  - I- 5 ' ~  i n  i n -  
creinents of 20°C. T e s t  equipment and d.o,ta r eco rd ing  were witnessed 
by Q u a l i t y  Assurzrice yc~-sonnel  and noted  i n  a n  eng inee r ing  t e s t  l o g  
book. The method employed t o  measure ove r r ide  torque  was t o  s l i p  
t h e  c l u t c h  f o r  a number of r e v o l u t i o n s  (10  m i n i m u m  i n  each d i r e c -  
t i o n )  and r eco rd  s t r a i n  wi th  a Bridge Amp7 i f i c a t i o n  Meter (BAN). 
B y  u s ing  the  c a l i b r a t i o n  curve i n  F igure  '1-7, t h e  r e l a t e d  ove r r ide  
was obta ined .  The r e s u l t s  of this t e s t  a r e  shown i n  Table  V-2 .  
The maximum percent  d e v i a t i o n  from t h e  o r i g i n a l  ambient va!ue was 
1 2 . 2  p e r c e n t ,  we13 bel  ow t h e  a3 Io~7ab1 e d e v i a t i o n  of 20 pe rcen t .  
A t  t h e  end of t h e  t e s t ,  t h c  ch.r?mbcr was r e tu rned  t o  ambient ( 3 2 5 O C )  
and t h e  o v e r r i d e  torque was mcasurcd. The va lue  d i d  n o t  change 
from t h e  p r e t e s t  v a l u e ,  t he reby  exemplifying the  a b i l i t y  of t h e  

* c l u t c h  t o  r e t u r n  t o  i t s  p r e t e s t  c o n d i t i c n .  The assembly was d i s -  
assembled and obse rva t ions  were recorded .  The c l u t c h  e x h i b i t e d  
l i t t l e  wear and was f r e e  of l oose  p a r t i c l e s .  Photographs shown i n  
F igu re  V - - 8  a r e  of t h e  t e s t  s e t u p  and c l u t c h  a f t e r  t h e  t h e r m ] -  
vacuum t e s t .  The  t o t a l  ntlmbcr of r e v o l u t i o n s  on t h e  c l u t c h  f o r  
t h i s  t e s t ,  i nc lud ing  s e t u p  2nd chcclcout, was approximately 230. 
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L i f e  t e s t i n g  of t h e  redesigned c l u t c h  c o n s i s t e d  of e x e r -  
c i s i n g  t h c  u n i t  i n  a vacuum a t  ambient ( 27%) t empera ture  
by s l i p p i n g  f o r  a m i n i m u m  of 7000 r e v o J u t i o n s  over  a perj-od of 
120 hours .  Overr ide to rquz  was measured i n  t he  same manner as 
t h e  thermal-vacuum t e s t .  The r e s u l t s  were as follows: Maximum 
d e v i a t i o n  i n  o v e r r i d e  torque from t h e  o r i g i n a l  ambient v a l u e  was 
13.2 percent .  Due t o  a d r a i n  i n  b a t t e r y  power i n  t h e  Bridge Am- 
p l i f i c a t i o n  Meter (d iscovered  a f t e r  t e s t ) ,  t h e  f i n a l  r e a d i n g s  
were checked us ing  a to rque  wrench. Overr ide  to rque  w a s  mea- 
su red  t o  be w i t h i n  2 . 8  percent  of o r i g i n a l  ambient v a l u e ,  
t he reby  a t t r i b u t i n g  the 1 3 . 2  percen t  d e v i a t i o n  t o  meter f l u c -  
t u a t i o n  r a t h e r  t han  an a c t u a l  change - in  ove r r ide  to rque .  How- 
e v e r ,  du r ing  t h e  e n t i r e  course  of t e s t i n g ,  t h e  maximum d e v i a t i o n  
remained well below t h e  a l lowable 20 pe rcen t .  Examination of 
t h e  assembly produced l i t t l e  evidence of s c o r i n g  o r  loose par -  
t i c l e s  and e x h i b i t e d  an  ex t remely  even l u b r i c a n t  d i s t r i b u t i o n .  

I n  sunvary,  t h e  redes igned  EJevat ion  Drive Assembly h a s  
proven t o  be an ex t remely  r e l i a b l e  and uncomplicated dev ice ,  
i n s e n s i t i v e  t o  thermal v a r 4 a t i o n s  over t h e  temperature  range 
tes ted .  
and will be used during t h e  Apollo 16 miss ion .  

T l i i s  asscrnbly h a s  been inco rpora t ed  i n  t h e  GCTA des ign  

2 .  Azimuth Clu tch  Assembl-y 

The azimuth c l u t c h  assembly was modified i n  t h e  same mqnner 
The d i s c l a d i p r e n e  pad c o n f i g u r a t i o n  xas ar: t he  e l e v a t i o n  unj-t. 

r ep laced  by a si i iglc-wrap sp.ring c l u t c h .  I n  t h e  c a s e  of t h e  
azimuth u n i t ,  on ly  a t h r e e - t u r n  s p r i n g  i s  r e q u i r e d ,  

3 .  Azimuth Stops 

The azimuth s t o p s  and dead zone of t h e  GCTA azimut!i d r i v e  
were modified t o  perinit  TV viewing of t h e  a s t r o n a u t s  whi le  s i t -  
t i ng  on t h e  LRV. I j ~ r i n g  t h e  Apo!.lo 15 miss ion ,  a 20' dead zone 
d i r e c t l y  t o  t h e  rcctr c4 t h e  Kcver f o r e v a r d  heading precluded 
rearward T V  c o w r a g e  d i r e c t l y  over  t h e  v e h i c l e .  The r e v i s e d  
stcps and 1 2 O  d e a d  zGne p e r n i t  rearward viewing and i n c r e a s e  
azimuth coverage of t h e  csmera. See F igu re  V-9 .  
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Figzre V - 9 ,  Revised hziri?uth S top  Locat ion  

4 ,  Motor Drive C i r c u i t r y  

The e l e v a t i o n  d r i v e  moto r  used on t h e  Apol.30 15 mission 
was a S3.ze 11,  900 s t e p p i n g  angle , I<e3rfot t  PN u n i t .  
r a t e  was 200 p u l s e s  F e r  n i n u t e  maximum wi th  a 0.25 i n .  02. r u n  . 
t o rque .  Gearhead f o r  t h e  d r i v e  motor had a 4 8 : l  r a t i o .  The 
e l e v a t i o n  gearhead s p i r o i d  gea r  se t  hsd a 36:l  r a t i o .  
developed a t  ambient tempera tures  f o r  t h e  o v e r a l l  assembly was 
as fo l lows:  

Steppir>g 

The torque  

T 0 j - F  (Ambient) E f f i c i e n c y  ----._ 

Motor 0.25 i n .  02. - 
Gearhead 9 . 6  i n .  02. 0.80 
S p i r o i d  Gear 216 i n .  oz. 0 . 6 2  

* 

To E I e - ~ a t c  t h e  CTV f rom 8T0 P o s i t i o n  

Lunar Ne i g h t  2 . 2  l b s .  
Over- Hurig Momc n t 2 .2  x 3 . 3  =-- 7 . 2  i n .  l b s .  = 115 i n .  0 2 s .  

The torqL:c rnar2i.n a t  arnbient t e n p e r a t u r e ,  t h e r e f o r e ,  was 701 i n .  
ounces. 
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0 A t  e l e v a t e d  temperatures  ( t o  100 C ) ,  motor winding 
r e s i s t a n c e  can i n c r e a s e  by 30 pe rcen t  and to rque  may be 
reduced by approximately 30 pe rcen t .  * E f f  i c i e n c y  of t h e  
assembly gea r  t r a i n s  a!so may drop  t o  40 p r c c n t  of ambi- 
e n t  temperature  valges.  Torque margin a t  100°C f o r  t h e  
present u n i t ,  therefore ,  is  reduced t o  a nominal value 
as shown bel-ow: 

Motor Torque 0.17 
Total Gear R a t i o  x 3728 
Gear Train E f f i c i e n c y  0.40 

0.17 x 1.728 x 0.40 = 1 1 7  i n .  ounces 

The torque r e q u i r e d  t o  e l e v a t e  Che CTV remains a t  11s i n .  
ounces, however, w i t h  a r e s u l t i - n g  torque  margin a t  100°C 
of I 2 i n .  ounces. - 

A motor with inc reased  torque c a p a c i t y ,  t h e r e f o r e ,  
has  been s u b s t i t u t e d  f o r  t h e  Apollo 15 u n i t .  The u n i t  i s  
s i m i l a r  t o  t h e  e x i s t i n g  motor, and has  n r u n  torque  of 0.5 
inch  ounce, Resistance of motor windings was m o d i f i e d  to 
result in a 290 ohm value. With the more poiwrful u n i t ,  
t o rque  m r g 5 n s  a t  I O O W  are shown i n  Table  V - 3 ,  The c i r c u i t  
changes r e q u i r e d  by the new motor a r e  i l l u s t r a t e d  i n  F igu re  
V-50. Motor to rque ,  asszming a 30 pe rcen t  loss a t  100% due 
t o  tempera ture ,  i s  0 . 3 3  i n .  ounce; t o t a l  g e a r  r a t i o  i s  1729 ,  
and  assumed g e a r  e f f i c i e n c y  i s  0.40 .  Torque developed a t  t he  
e l e v a t i o n  s h a f t  i s  228  inch  ounces,  t h e  torque  r e q u i r e d  t o  
e l e v a t e  CTV C 5 O  i s  115 inch  ounces, r e s u l t i n g  i n  a to rque  
margin a t  100°C of 113 inch ounces. 
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\ 4: Old value / new value 

2 Qr7 

Figure  V-10. Elevation 'Drive l lc tor  Circuit Changes 

Table V-3. Elevat ion Motor Torque Comparisons 

DCV. a t  
2 T' "c: 

216 

- 

4 1 3 

.- 



5 ,  Other  Changes 

Two power t r a n s i s t o r s  i n  the TCU.DC/CC conver t e r  were re- 
l o c a t e d  t o  improve GCTA thermal performsnce margins du r ing  
ope ra t ion  a t  h igh  temperature .  

A gear-housing bearing (outboard)  was added  t o  bo th  eleva- 
t i o n  and azimuth d r i v e  assembl ies  t o  s t r e n g t h e n  t h e  overall 
mechanical s t r u c t u r e  of t h e  u n i t .  The materia3 used f o r  t h e  
bearings i n  t he  d r i v e  assembl ies  a1 s o  was changed - from "Ru'Jon 
B" t o  "Vespel SP31". 
two materials is shown i n  Table  V - 4 .  

A comparison of the  p r o p e r t i e s  of t h e s e  

. Table V - 4 .  P r o p e r t i e s  of Rulon B and Vespcl SP31 

~ 

Prope r ty  

, 
S p e c i f i c  g r a v i t y  

T e n s i l e  Strength,  75'F; p s i  

Elongat ion ,  750F; % 

Flexural S t r e n g t h ,  75OF; p s i  

Impact S t r e n g t h ,  75OF; f t - l b / i u  

Ccxnpressive S t r eng th  ; p s i  

Coef f i c i en t  of L inea r  Expsnsion 
p e r  O F  

I 

Vespel 
SP31 

(new) 

3 .6  

?4,200 

5 

22,000 

" 

36,000 

.27 

2. sX1 0-5 

Rulon B 
(01 d )  

3.3 

3 060-3 230 

5.0 

2520 

3.12 

2300-3000 

0.19 

When i n s t a l l e d  i n  t h c  TCU/LF,V i n t e r f a c e  f i t t i n g ,  t h e  F1 i g h t  
The locking  p i n  4 and 5 s t a f f s  (masts)  d i d  not  l o c a t e  p rope r ly .  

t h a t  engages the  l o c k i n g  s l c e v e  would n o t  d e t e n t  p r o p e r l y .  A 
dimension a n a l y s i s  has shown tha t ,wi t l i  nominal to!erancirig, t h e  
lock ing  p in  would  be 0.018 inch from being f u l l y  clctcntcd. See 
F igu re  V-11 , The problem s p r c a r s  t o  be i n  the S I  o t s  v h k h  zhould 
be c l e a r  of t h e  p o s i t i o n  sei-etis when t h c  I or,lcir?g p i n  i s  f u l l  y d e -  
t e n t e d .  A s o l u t l o n ,  ~Jl i ich iils been app l i ed  t o  a l l  TCU st:?rfs, r c -  
q u i r e s  thst  the 0.070 i i i ch  r a d i u s  i n  t h e  screw s l o t  be incycascd  
t o  0,18 inch r a d i u s .  T h i s  a l s o  sccommod3tcs t h e  v a r i ~ t i o n  t h a t  
was n o t e d  in the  F l i g h t  2 TCU/LiiV a d a p t e r .  
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Figure  ~ - 1 1 .  Change t o  TCU/LRV I n t e r f a c e  S t a f f  

In a d d i t i o n  to t he  above hardware m o d i f i c a t i o n s  d u r i n g  t h e  
r e f u r b i s h m e n t  e f f o r t ,  sof tware  changes a l s o  were made a s  r e q u i r e d .  
A l l  hardware changes were r e f l e c t e d  i n  t he  GCTA Q u a l i f i c a t i o n  and 
Acceptznce Test ProceGure, t h e  0&€4 f 4 a n u ~ 1 ,  F'1 i g h t  C a l i b r a t i o n  T a p s  
f o r  each u n i t ,  a n d  i n  a p p l i c a b l e  d rawings ,  ICD's, a n d  thermal pre-  
d i c  1: i o n s .  
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D. Rework Drawing Changes 

Updated GCTA drawings have been forwarded t o  MSC p e r i o d i c a l l y  
and reflect t h e  re furb ishment  e f f o r t .  The fo l lowing  C l a s s  I and 
Class I1 C o n t r a c t  changes have been submitted: 

1. Class  I Changes 

Drawinq N o .  
2262457" 
PL-2262457" 

2262832* 
2262833* 
2264702* 

2264703" 
PL-2 2 6 4 7 0 2 * 

Rev .  
C 
C 

- 

2265817" 3' 
PL-2265817* J 

2265825" K 
PL-2265825" H 

i' I 

2265826* D 
PL-2 2 6 5 82 6 * D 

TP-OP-2265826 A 

Remarks 
R e i d e n t i f i e d  Motor Damping B d . ,  22412 t o  
-503 Conf igura t ion .  (CCBD#110045) 

Revise p a i n t i n g  in fo rma t ion .  ( C C B D B 1 1 0 0 4 1 )  
Revise p a i n t i n g  in fo rma t ion .  (CCBD#110041) 
Revise p a i n t i n g  in fo rma t ion .  (CCBD$110041) 
Revise p a i n t i n g  in fo rma t ion .  (CCBD#110041) 
Revise p a i n t i n g  in fo rma t ion .  (CCBD#110041) 

R e i d e n t i f i e d  Video C i r c u i t  t o  -503 Con- 
f i g u r a t i o n .  (ccBD#llOQ39! 

R e i d e n t i f i e d  TCU A s s e m b l y  t o  -502 Configura- 
t i o n .  (CCBDjl110039, 41, 45, 4 6 ,  & 47) 

R e i d e n t i f i e d  GCTA Assembly t o  -502 Configura-  
t i o n .  (CCRD#110039, 4 1 ,  4 5 ,  4 6 ,  & 47) 

Update procedure  t o  i n c l u d e  measurement in 
thermal/'vacuum a t  + 6 O o C ,  Temperature Tele- 
metry., and De l t z  QM-2 Test Flow Diagran. 
(CCUD#110039, Amendment 18C) 

2265837" H Revise P a i n t i n g  in fo rma t ion .  (CCBD# 11.0 0 4 1) 

2265839* D R e i d e n t i f i e d  C a m e r a  Mount Assembly t o  -503 
PL-2265839* D Conf igura t ion  . (CCBD# 110 0 4 1) 

2265840* F R e i d e n t i f i e d  CTV Assembly to -502 Configura-  
PL-2265840* E t io i l .  (CCBDH110039, 4 1 )  

2265871 C Revise t o  r e f l e c t  TCU changes.  (CCBD#110033) 



Drawing N o .  R e v .  

2268181" B 
PL-2268181* h 
2269237* c 
2270618" C 

2271061" D 
PL-2271061" C 

TP-OP-2265826 B 

2.  C l a s s  I1 Changes 

Drawing N o .  R e v .  

1 8 4 0 9 1 1  G 
2265606" J 
PL-.2 2 6 5606 * L1 
2265823" K 
PL-2265823* G 

2265824" E 
. PL-2265824" E 

2260102 D 

2265807 E 

. Remarks 

Revise new Clu tch  Assembly. (CCBD#110046) 

R e i d e n t i f i e d  Motor Drive Bd., 2A10 t o  -504  
Conf igura t ion .  (CCBD#1100451 

Revised. procedure t o  r e f l e c t  changes 
in t h e  measurement of t h e  v i d e o  b l ack  
l e v e l ,  max. and min. v ideo  l eve l s  of 
the CTV when o p e r a t i n g  on t h e  100- f t  
c a b l e ,  and nominal t i m e s  of t h e  azimuth, 
e l e v a t i o n ,  zoom and i r i s  d r i v e s .  (CCBD#110039) . 

Remarks 

Update t o  add new thermistor. 
R e i d e n t i f i e d  Converter  i3d. Assembly t o  -504 
Conf igu ra t ion  and reflect same on N.H.A., 
a long  w i t h  Motor Drive Assembly. 

Update to r e f l e c t  l a t e s t  drawing informat ion  
f r o m  RCA-Camden on Mast Assembly. 

Change w i l l  i n c r e a s e  focus  inductance  
and s e n s i t i v i t y ,  w i l l  accommodate ex- 
i s t i n g  desi 'gn.  

Revise e x i s t i n g  h o l e  l o c a t i o n s  and add 
new ones f o r  t h e  purpose of r e l o c a t i n g  
two ( 2 )  l i m i t  switches. 

* -- 
*Mul t ip le  ECN 
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Drawinq No. Rev. 

1978797"  C 
PL- 1 9  7 87  9 7 * B 

Reina r k s -- 

.. . .- 

, : 

2260594  B 

2265261"  D 
PL-2265261* D 

2265261"  L 
PL-2265825" . J 
PD-2265826* F 
PD-2265826" G 

2268104"  A 
PL-2268104" A 

2269234  B 

2270661" A 
PL-227 O G  61" A 

2271057  J 

2271530"  B 
PL-2271530" A 

2271557"  A 
PL-2273567* A 

Add Moly K o t e  X 1 5  d r y  l u b e ,  
w i l l . e a s e  p i p  p i n  removal. 

Revise n o t e  11 f o r  better 
c l a r i f i c a t i o n  of DC r e s i s t a n c e  
on motor p a r t  number c a l l o u t .  

R e f l e c t  neb7 cable assembly, 
w i l l  a i d  removal of p i p  p i n s  
when removing CTV from Mount. 

Add handle  s t r a p  and g e n e r a l  
update  of drawing t o  r e f l e c t  
p r e s e n t  as b u i l t  c o n f i g u r a t i o n  of TCU. 
Update t o  r e f l e c t  new c a b l e  assembly. 

Add group 502  c o n f i g u r a t i o n  for new 
c a b l e  assembly, w i l l  a id  removal of 
p i p  p i n s  when removing CTV from Mount. 

Change . 6 2 5  d i a .  t o  . 6 2 5  - .ooo, 
w i l l  improve f i t  of p a r t .  

- t - . O O l  

Correct p a r t  number c a l l o u t  f o r  
i t e m  1 4 .  

Correct des igna t ion  of Q2 t e r m i n a l s ,  
d e l i n e a t i c n  change only .  

Change p a r t  number of  i t e m  2 3 ,  w i l l  
r e f l e c t  a s  b u i l t  c o n f i g u r a t i o n  of 
u n i t .  

Drawing update t o  r e f l e c t  as b u i l t  
c o n f i g u r a t i o n  of u n i t .  



Drawing N o .  Rev. 

TP-19 7 1381* A 

1974801" C 
PL-1974801" C 

1974801* D 
PL-1974801* D 

2262195" D '  
PL-2262195* D 

2262196* F 
PL-22G2196" F 

2262889" B 
2262895" B 

2263099* G 

2264293* B 
PL-2264293" D 

2264779* A 
PL-2264779" A 

TP-OP-2265826 C 

2265840* G 
PL-2 2 G 5 84 0 * F 
PD-2265840* D 

Remarks 

Add temperature  t e s t  f o r  motor 
at' +60GC. 
Add group 5 0 4  c o n f i g u r a t i o n  for 
new stand-off  assembly. 
De le t e  p rev ious  ECN i n  i t s  en- 
tirety, n o t  t o  be inco rpora t ed .  

Change P a r t  N o .  of i t e m  7, w i l l  
p rovide  .for longer  screw l e n g t h .  

Update t o  inc lude  weld no te  i n -  
fo rma t ion ,  w i l l  s t r e n g t h e n  welds 
and p reven t  breaking .  

General  update  of dwg. t o  show 
p i c t o r i a l l y ,  f i l t e r s  i n  r e s p e c t i v e  
c a v i t i e s .  

Revis ion t o  module will provide 
proper c 1 ear ance s 'and mounting 
s u r f a c e  when module i s  i n s t a l l e d  
in filter wheel d r i v e  assembly. 

Revise  proceduxe t o  change t e m -  
pera tu . re  t e s t  l i m i t  from +55OC 
+2OC - t o  +6OoC +2OC. - 

Revise t o  r e f l e c t  r e s u l t i n g  
changes of module, c o l o r  f l a g  
d e t e c t o r .  

Add t e s t  t o  moriitor and r eco rd  
GCTA i n p u t  current and v o l t a g e  
d u r i n g  thermal-vacuum, and p o s t  
thermal-vacuum tes t .  

R e f l e c t  group 5 0 4  c o n f i g u r a t i o n  
f o r  new s tand-off  assembly. 



Drawinq N o .  R e v .  Remarks 

2265840"  €1 D e l e t e  previous ECN i n  i t s  e n t i r e t y ,  n o t  t o  
PL-2265840* G be inco rpora t ed .  Add new space r  i n s u l a t o r  
PD-2265840* E b locks  and change e x i s t i n g  i n s u l a t o r  t o  new 

dash number. Update, r e s u l t i n g  from changes 
on color f l a g  d e t e c t o r  assembly. 

TP-2265840 A '  Update t o  r e f l e c t  changes on  method of v ideo  
black l eve l  se t -up ,  t es t  'for b lack  c l i p  l e v e l ,  
c a l i b r a t i o n  of color: f l a g  temp. t e l e m e t r y ,  and 
b l ack  l e v e l  v a r i a t i o n  over temperature .  

. .  

"Mult iple  ECN 



Inco rpora t ion  of ECNs t o  GCTA f l i g h t  drawings a l so  r e s u l t e d  i n  t h e  
fo l lowing  drawing submissions dur ing  the re furb ishment  p e r i o d .  

Drawincl N o .  Rev. Drawinq L_ N o .  
1974483- A 2269234 
2260594 A 
2262472 C 
2262485 A 
TP-OP-2265826 A 
2268149 A 
2268180 A 
PL-2268180 . - 
2268181 A 
PL-2268181 - 
2268184 
2268185 
2269139 A 
2269230 A 
1840911 G 
1973839 D 
1974441 D 
1974724 G 
1974784 E 
PL-19 7 4 7 84 B 
2260966 
2262198 E 
2262199 E 
2262457 C 
PL-2262457 C 
2262832 A 
2262833 B 
2264702 D 
PL-2264702 C 
2264703 E 
1974482 A 
2260534 A 
2262472 C 
2262485 A 
2268143 A 
2268180 A 
PL-2268180 - 
2268184 I 

22681 85 c 

2269139 A 
2269230 A 
2269234 A 
2269235 A 

- - 

- 

2269235 
2269237 
2269238 
PL-2269238 
2269242 
PL-2269242 
2269291 
2 2'7 0 6 0 7 
2270615 
PL-2270615 
2270618 
2270624 
PL-2 2'7 0 62 4 
2265606 
PL-2265606 
2265817 
PL-2265817 
2265823 
PL- 2 2 6 5 8 2 3 
2265824 
PL-2 2 6 58 2 4 
2265825 
PL-2265825 
PD-2265826 
2 2 6 5 8 2 6 
PL-22 6 5 82 6 
2265836 
2265837 
2265839 
2263238 
PL-2269238 
2269242 
PL-2269242 
2269291' 
2270607 
2270615 
PL-2270615 
2270624 
PL-2270624 
2270626 
PL-2270626 

Rev. 
A 

B 
A 

A 

A .  

- 
'A 
A - 
B 
A 

J 
L 
J 
J 
K 
G 
E 
E 
K 
H 
E 
D 
D 
C 
H 
D 
A 

A 

- 

- 
c - 
A 
k 

Drawing N o . '  
2270626 
PL-2270626 
2270655 
PL-2270655 
2270661 
PL-2270661 
2270662 
2271530 
PL-2271530 

* 2271567 
PL-2271567 
8151931 
8151937 
8671615 
PL-2265839 
PD-2265840 
2265840 
PL-2265840 
2265871 
2268151 
PL-2268181 
2268190 
2268193 
2269237 
PL-2269291 
2270618 
2271061 
PL-2271061 
2271569 
2271578 
2270655 
PL-2270655 
2270661 
PL-2270661 
2270662 
2271530 

2271567 

8151931 
8151937 
8671615 
2271579 

PL-2271530 

PL-22 71-5 67 

Rev. 
A 

A - - 
P 

B 

A 
D 
C 
F 
E 
C 
B 
A 

I 

- - 
C 

C 
D 
C 

- 

- 
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Drawinq No. 

TP-1971381 
1974064 

PL-19 7 87 97 
2260594 
2260925 

PL-2265261 
2265807 

PL-2265825 
TP-OP-2265826 
TP-2265840 
PL- 2 2 6 8 10 4 

A 
A 
B 
B 

D. 
E 
J 
B 
A 
A 

- 

Drawinq No. 

2268244 
2269234 
2269344 
2270661 

PL-2260661 
2271530 

PL-2271530 
2271567 

PL-2271567 
8671615 

Rev. - 
A 
B 

A 
A 
B 
A 
A 
A 
B 
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E.  Color Kheel Motor Bearing F a i l u r e  

During f i n a l  p r e p a r a t i o n  and t e s t i n g  of GCTA F l i g h t  
Mode1 N o .  2 ( S / N  0 0 5 ) ,  t he  F i l t e r  Wheel Motor ( S / N  0 2 8 )  
L Failed U I  t o  s t a r t  when t h e  CTV w a s  t u rned  ON. The motor 
was removed from F-2 and a l l  o t h e r  CTVs a t  AED and re- 
tu rned  to the vendor,  Ball B r o t h e r s  Research Corpora t ion  
(BBRC) . The u n i t s  w e r e  d i smant led  and s u b j e c t e d  t o  i n -  
t e n s i v e  i n v e s t i g a t i o n  t o  determine t h e  cause of t h e  F-2 
f a i l u r e .  I n s p e c t i o n s  and photographic  r eco rds  w e r e  made 
i n  t h e  BBRC mechanical assenbly  c l e a n  room, and a l l  p a r t s  
were viewed under a x10 t o  x30 stereo-microscope equipped 
wi th  a P o l a r o i d  camera. 

a. Discussion 

A cons ide rab le  amount of d e b r i s  w a s  found i n  t h e  
gearhead c a v i t y .  
f l o c k u l a r  material  si,rililar t o  a metal l ic  soap. 
bea r ing  
wi th  s i m i l a r  m a t e r i a l .  
showed t h a t  t h e  motor/'gearhead would be in '  a s t a l l e d  con- 
d i t i o n .  

It was i n  t h e  form of an opaque wh i t e  
The No.4 

(see F i g u r e  V - 1 2 )  i n  t h e  gearhead w a s  f i l l e d  
A t o rque  r ead ing  on t h i s  b e a r i n g  

1 

Figure  V-12. Color Wheel Motor/Gearhead Bearing Conf . 
v-34 
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The loose material i n  t h e  gearhead and i n  t h e  N o .  4 b e a r i n g  
were s u b j e c t e d  t o  a s p e c t r a l  a n a l y s i s  (see F igure  V-13)  and 
were found t o  be s i m i l a r  i n  composi t ion.  I t  was specu- 
l a t e d  t h a t  t h e  lube  i n  t h e  b e a r i n g  had changed s t a t e  or  
been contaminated by a f o r e i g n  mater ia l  ( n o t  i d e n t i f i a b l e  
a t  t h e  t i m e ) .  F u r t h e r  t e s t i n g  and a mater ia l  s e a r c h  s t i l l  

The fo l lowing  o b s e r v a t i o n s  a l so  were made du r ing  t h e  BBRC 
i n v e s t i g a t i o n s .  N o  s i g n s  of contaminat ion o r  deg rada t ion  
were found i n  t h e  ro tor  or  s ta tor ,  The t w o  SR2A bea r ings  
w e r e  c l ean .  In t h e  opin ion  of t h e  BBRC pe r sonne l  they  
were i n  an "as lubed" cond i t ion .  I n  t h e  gearhead,  however, 
a cons ide rab le  number of p a r t i c l e s  w e r e  found on t h e  w a l l s  
of the gear housing.  I n i t i a l l y ,  t h e s e  p a r t i c l e s  were be- 
l i e v e d  t o  be t h e  breakdown 05 t h e  De l r in  i n p u t  gea r .  The 
gear showed n o  s i g n s  of  deg rada t ion ,  and subsequent  I R  
s cans  showed t h a t  no De l r in  w a s  p r e s e n t  i n  t h e  d e b r i s .  A 
sample of t h e  d e b r i s  was s u b j e c t e d  t o  s p e c t r a l  a n a l y s i s  
and found t o  be  s imi l a r  t o  t h e  EBRC "Vackote" l u b r i c a n t .  

The N o .  4 b e a r i n g  also w a s  f u l l  o f  the w h i t e ,  f l o c k u l a r  
mater ia l  t h a t  s p e c t r a l  a n a l y s i s  had shown t o  be s i m i l a r  
t o  the"Vackote" lube. A torque measurement on t h e  b e a r i n g  
showed the breakaway torque t o  be i n  t h e  r ange  of 0 . 2 2  t o  
0 .45  oz. i n .  A s i m i l a r  Sea r ing  o b t a i n e d  from G&R Monaco 
s t o c k  w a s  found t o  requi re  36-mil l igram-mil l imeters  of 
to rque  t o  t u r n  it. 

t 

were r e q u i r e d  t o  p i n p o i n t  the cause  o f  t h e  f a i l u r e .  i 
! 
I 

, 

Since  t h e  motor d e l i v e r s  0 . 2 2  02. i n  s t a r t i n g  to rque  a t  
t h e  N o .  4 b e a r i n g  s h a f t ,  t h e  d r i v e  t r a i n  war, cons idered  t o  
be i n  a s t a l l e d  c o n d i t i o n .  

The o u t e r  r a c e  of t h e  bea r ing  ( N o .  4 )  would ro t a t e  i n  t h e  
r e a r  mounting p l a t e  b e f o r e  t h e  b e a r i n g  assenbly  r o t a t e d .  
This  cou ld  e x p i a i n  t h e  d r i v e  t r a i n  r o t a t i o n  a t  AED a f t e r  
t h e  i n i t i a l  f a i l u r e .  Some lube  may have been p r e s e n t  between 
t h e  bea r ing  and f l a n g e .  N o  v i s i b l e  s c o r i n g  was e v i d e n t  on 
t h e  o u t e r  race or  i n  t h e  bore of t h e  f l a n g e .  The b e a r i n g  
o u t e r  d iameter  and f l a n g e  bore w e r e  measured and t w o  r ead ings  
( taken 180° a p a r t )  were: 

Hole i n  Flange 0 .18747  inches  diameter  
0.1875 II II 

Outer Diaineter 0.1875 
of b e a r i n g  0.18744 I 1  

II It 

I1 

One s h i e l d  w ~ s  remcve2 from t h e  r&r;mining bearir ,gs in t h e  
gearhead (des ignate6 i n  Fiy-ire V-1.2 as bea r ings  Nos. 1, 
2 and 2 ) .  
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Bearincr N o .  1 

This bea r ing  w a s  completely c l e a n  w i t h  no evidence of 
par t ic ies .  The pheno l i c  r e t a i n e r  appeared somewhat d r i e r  
than  t h e  motor bea r ings .  However, l u b e  w a s  e v i d e n t  on 
t h e  r e t a i n e r  and raceways. 

Bearing N o .  2 

A few p a r t i c l e s  of t h e  white  f l o c k u l a r  material  were seen  
i n  t h e  b e a r i n g  and on t h e  bea r ing  s h i e l d .  These were s i m i -  
lar t o  t h e  p a r t i c l e s  i n  the  g e a r  housing;  it w a s  concluded 
t h a t  they o r i g i n a t e d  from the  d e b r i s  s c a t t e r e d  i n  t h e  
housing. 
otherwise "as lubed".  

The c o n d i t i o n  of t h e  b e a r i n g  and r e t a i n e r  w a s  

Bearing N o .  3 

This bea r ing  is s i m i l e r  i n  c o n s t r u c t i o n  t o  t h e  f a i l e d  ?Io. 4 
bear ing .  The metal  r ibbon r e t a i n e r  and b a l l s  showed e v i -  
dence of l u b r i c a n t  w i t h  no p a r t i c l e s .  
taken from t h e  housing w i t h  t h i s  b e a r i n g  Fn p l a c e ,  and t h e  
solvent could have dissolved any p a r t i c l e s  t h a t  w e r e  present. 
In the opini.cn of the  review team, however, t h e  bearing 
had n o t  been contaminated wi th  d e b r i s .  

The. I R  sample was 

Bearings N o s .  1, 2 ,  3 ,  5 and 6 w e r e  photographed and r e t a i n e d  
f o r  f u r t h e r  eva lua t ion .  

Bearing N o .  4 was disassembled completely t o  determine i f  
r e t a i n e r  o r  b h l l  damage had occurred .  A n  examination under 
a x30 microscope d i d  n o t  r e v e l  anyth ing  o t h e r  than  n o r m a l  
wear marks on t h e  raceways. 

A meeting was h e l d  wi th  t h e  BBRC s p e c t r a l  a n a l y s t  and t h e i r  
chemist .  The I R  s c a n s  and p o s s i b l e  Contaminants t h a t  could 
change t h e  s t a t e  of t h e i r  l u b r i c a n t  w e r e  d i scussed .  The 
BBRC, personnel  feel t h e  white  mater ia l  I s  "Vackote" l u b r i -  
c a n t  modified or  contaminated by a f o r e i g n  ester (or  p o s s i b l y  
an a l k e n e ) .  Polymerizat ion due t o  e x c e s s i v e  p r e s s u r e  o r  
h e a t  was d iscounted;  - t h e  "Vackote" labe changes i n t o  a 
ha rd  v a r n i s h - l i k e  mater ia l  when polymerized. The I R  scans  
d i d  n o t  show s i g n s  of s i l i c o n e s  i n  t h e  housing o r  i n  t h e  
bea r ing .  

I n v e s t i g a t i o n s  a t  BBRC and M D  cont inued t o  f i n d  a mater ia l  
i n  t h e  motor/gearnead assembly which can r e a c t  wi th  t h e  BBRC 
" V a c k o t e "  1G;bricant t o  fora t h s  wh i t e  f l o c k u l a r  m a t e r i a l .  
A c t i o n  items w ~ r e  ass igned  t o  RBKC t o  check t h e  cornpatab i l i ty  
of t h e i r  l u b r i c a n t  wi th  rosin and w i t h  another  "Vackote I' 

type .  N o  r e a c t i o n  was f o u n d  wi th  e i t h e r  of t h e s e  m a t e r i a l s .  
B o t h  BBRC personnel  and RCA Engineer ing f e e l  t h a t  t h e  con- 

i 

! 
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t amina t ion  occur red  p r i o r  t o  the a-ssembly of t h e  motor t o  
t h e  gearhead. P o s s i b l e  a r e a s  f o r  contaminat ion  a r e  a t  
BBRC e i the r  i n  the l u b r i c a n t  mix, d u r i n g  t h e  l u b r i c a t i o n  
process, or j_n G. Monaco's assembly area. The v a r i o u s  
materials used w i t h i n  t h e  motor/gearhead assembly w e r e  
i n v e s t i g a t e d ,  and t h e  fo l lowing  t h r e e  were cons idered  t o  
be p o s s i b l e  problem a r e a s .  

" L o c t i t e "  (Grade C )  is  used t o  s t a k e  f o u r  screws t h a t  a t t a c h  
t h e  motor t o  t h e  gearhead. 
i m i t y  t o  t h e  N o .  4 bea r ing ,  'Eas tment  9 1 0  i s  used t o  s t a k e  
t h e  De l r in  g e a r  t o  t h e  i n t e r m e d i a t e  s h a f t .  A cement (GE-2903) 
also was found on the heads of  t h e  two screws which s e c u r e  
t h e  gearhead back p l a t e .  This m a t e r i a l  should n o t  have been 
p r e s e n t ,  as all assemblies  had been so lvent -c leaned  p r i o r  
t o  i n i t i a l  l u b r i c a t i o n .  Monaco does n o t  u s e  t h i s  m a t e r i a l  
i n  any assembly p rocess .  
was a v a i l a b l e .  

I n  t a l k i n g  t o  t h e  manufacturers  of t h e  above m a t e r i a l s ,  t h e  

These screws a r e  i n  c l o s e  prox- 

A sample f o r  I R  a n a l y s i s ,  however, 

fo l lowing  informat ion  was s u p p l i e d :  --c -- 

. " L o c t i t e "  (Grade C) is  used t o  s take t h e  f o m  screws -- ----h a t t  ch ing  
. the gearhead t o  the motor. The m a t e r i a l  i s  anerobi-c--a6d =,I 

I 

Id.. s e t s  up in the absence of a i r .  
" L o c t i t e "  (Grade C )  polymers i n  t h e  cu re6  s t a t e  es i s t ,  
accord ing  t o  John 0'  Conncr , chemist .  However a c c e l e r a t o r s  
(hydrogen peroxide  and t r i a l  kylamine) are added, xhich  can 

be  removed ander  high vacuum. A l l  " L o c t i t e "  m a t e r i a l s  have 
a f l u o r e s c e n t  m a t e r i a l  added for t r a c e a b i l i t y .  The I R  
s p e c t r a l  s cans  made fron t h e  contamincnt i n  t h e  S e r i a l  N o .  
0 2 8  motor (See Figure  V-13a and F i g u r e  V-14 "Loct i te-C")  
show common abso rp t ion  bands. The d e b r i s  found i n  and around 
t h e  N o .  4 b e a r i n g ,  i n  motor S e r i a l  N o .  0 3 8 ,  was s t r o n g l y  
f l u o r e s c e n t .  

N o  o u t g a s s i n g - f l 6 d u c t s  of 
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I n  t e s t s  made a t  RBRC, a r e a c t i o n  w a s  c r e a t e d  bztween 
"Loctite" and "Vackote" w i t h i n  a bead of t h e  mixed ma- 
t e r i a l s .  
f l o c k u l a r  n a t e r i a l , .  ??!?e h-o rnaterials a l s o  react i n  
smaller c o n c e n t r a t i o n s  o r  i n  t h i n  f i l m s  i f  s u b j e c t e d  t o  
a vacuum environment. The reac t ion  mater ia l  showed ab- 
s o r p t i o n  bands common t o  those  o b t a i n e d  from IR scans  of 
t h e  d e b r i s  i n  t h e  bearing and g e a r  housing of motor S e r i a l  
N o .  028.  

The r e s u l t i n g  m a t e r i a l  w a s  s i m i l a r  t o  t h e  whi te  

Eastnian 910 (methyl-2-cyanoacrylate) i s  ' h igh ly  r e a c t a n t  
i n  the  uncured s ta te .  
polyrnerization of t h e  bond. 
r a p i d l y  above 150°F. 
t o  improve t h e  r e s i l i e n c y  of t h e  bond. 
(diamethyl s e b a c a t e )  g i v e s  off a d i a b a s i c  a c i d  when ex- 
posed t o  h igh  vacuum and temperature;  i t  l eaves  t h e  cement 
f r e e l y  above 60OC.  Eastman 910-FS and -MHT do n o t  con ta in  
t h e  p l a s t i c i z e r .  I n  o u r  d i s c u s s i o n s  w i t h  BBRC chemis t s ,  
d i a b a s i c  acid was mentioned as a p o s s i b l e  contaminant ,  and 
i n  a t es t  a t  BBRC, t h e  uncured cement d i d  react w i t h  t h e  
l u b r i c a n t  t o  f o r m  a whi te  s o l i d  materia!. . 

The behavior  of the m a t e r i a l  i n  thermal/vacuum fits t h e  
h i s to ry  of t h e  F l i g h t  2 camera motor r a t h e r  w e l l .  
b e a r i n g  f a i l e d  fo l lowing  a T/V t e s t  where 
camera w a s  s e e i n g  6OoC for  t h e  f i r s t  t i m e  due t o  a revJ-sion 
t o  t h e  acceptance t e s t  procedure.  
i n  close proximity t o  t h e  N o .  4 bea r ing .  Spectral .  a n a l y s i s  
of t h e  Eastman 9 1 0 ,  however, d i d  n o t  r e v e a l  any common 
abso rp t ion  bands when compared wi th  t h e  I R  scans  taken of 
t h e  contaminated l u b r i c a n t .  Mixing t h e  cement w i t h  the 
l u b r i c a n t  d i d  n o t  produce a v a r i a t i o n  i n  t h e  I R  scan .  

Two days a r e  r e q u i r e d  f o r  optimum 

The material c o n t a i n s  a p l a s t i c i z e r  
This  p l a s t i c i z e r  

The polymer a l so  degrades 

The 
the 

The cemented j o i n t  i s  

GE-2093 i s  a v i o l e t - c o l o r e d  cemen t  commonly used a s  a 
s t a k i n g  m a t e r i a l .  A dry ing  oil-alk;ide, a i r -oxydiz ing  
mater ia l ,  i t  w i l l  ou tgass  i f  n o t  f u l l y  cured  f o r  2 4  hogrs  
i n  a i r .  The m a t e r i a l  a l s o  may become l i q u i d  above 1 0 0  C.  
Outgassing p rodu t s  a r e  g l y c e r a l  p h t h a l a t e s .  A chemist  a t  
G e n e r a l  E l ec t r i c  i n  Schenectady, N . Y . ,  ind ica ted .  t h a t  t h e  
cement may be s o f t e n e d  i n  t h e  presence  of an es ter .  I n  
s e v e r a l  of the  disassembled u n i t s  (two gearheads)  t h e  cement 
appeared t o  have " r u n " .  No r e a c t i o n  was noted  when t h e  
cement was mixed w i t h  "Vackotc",however. The I R  s c a n  also 
d i d  n o t  show co-won abso rp t ion  bands wi th  those  recorded 
from t h e  contaminated l u b r i c a n t .  
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b. Conclusion 

O f  t h e  t h r e e  s u b j e c t  m a t e r i a l s  above, on ly  "Loct i te"  
was proven t o  be i n  t h e  contaminated l u b r i c a n t  i n  d i s -  
c e r n i b l e  q u a n t i t i e s .  
t h a t  "Loctite" w a s  p r e s e n t  i n  t h e  f a i l e d  motor gear-housing. 
The tes t  under b l a c k l i t e  showed t h e  d e b r i s  i n  t h e  N o .  4 
b e a r i n g  to be f l u o r e s c e n t  - a d e f i n i t e  s i g n  of "Loctite." 
The mechanism f o r  t r a n s f e r  of t h e  contaminant i n t o  t h e  b e a r i n g  
i s  migra t ion .  I f  ou tgass ing  products  w e r e  p r e s e n t ,  o t h e r  
b e a r i n g s  i n  t h e  gearhead assembly would have been a f f e c t e d  
t o  some e x t e n t .  

S p e c t r a l  a n a l y s i s  showed unmistakably 

"Loct i te"  was a p p l i e d  t o  t h e  at tachment  screws as t h e  motor 
and gearhead w e r e  mated. The m a t e r i a l  may have been t r a n s -  
f e r r e d  on to  t h e  gearhead  backp la t e  as t h e  screws w e r e  i n -  
s e r t e d .  The wet' Loct i te"  remained u n t i l  s u b j e c t e d  t o  vacuum 
o r  u n t i l  it migrated i n t o  c o n t a c t  wi th  t h e  l u b r i c a n t  i n  t h e  
bea r ing .  The reacticn then  started.  The t iming  r e q u i r e d  
u n t i l  t h e  material  i s  formed o r  i f  i t  i s  p r o g r e s s i v e  once 
t h e  r e a c t i o n  s t a r t s  has  no t  been detcrminez.  'Also, no 
evidence was found i n  t h e  s p e c t r a l  a n a l y s i s  t o  i n d i c a t e  an 
i n t e r - r e a c t i o n  between t h e  t h r e e  s u s p e c t  m a t e r i a l s .  

To expedite the refit of t h e  Flight Model  N o .  2 camcra, 
all f l i g h t  and spare motor/qearheads w r e  reworked acco rd ins  
t o  t h e  

0 

0 

0 

' 0  

0 

0 

0 

following- r e  f u r b i  shmen t program : 
I 

A11 s u s p e c t  m a t e r i a l s  w e r e  
gearhead assembly. 

All F l i g h t  model and s p a r e  
t o  RBRC f o r  r ework .  

Following disassenbly I t h e  

e l i m i n a t e d  from t h e  motor- 

motors were r e t u r n e d  

p a r t s  were s u b j e c t e d  t o  
a s o l v e n t  e x t r a c t i o n  
material I i n c l u d i n g  the e x i s t i n g  l u b r i c a n t .  

p rocess  t o  remove a i l  foreigr :  

The j o i n t  between the D e l r i n  gea r  and t h e  i n t e r -  
mediate  s h a f t  was overcoa ted  wi th  Epon 828 Epoxy t o  
s e a l - i n  any ou tgass ing  products  from t h e  Eastman 9 1 0  
cement u s e d  i n  t h e  i n i t i a l  assembly. 

P a r t s  w e r e  vacuum-baked t o  remove a l l  v o l a t i l e  
mater ia ls .  

Eearings and g e a r s  w e r e  r e l u b r i c a t e d  us ing  t h e  s p e c i -  
f i e d  "Vackote" p rocess .  

Ticcept.an e tests were run over t h e  temperature  range 
fron -10 C t o  -i-6Ooc'. Revised t e s t  levels and t e s t  
d a b  j.s shcwn i n  F igures  V-15  and V-16. 

z- 
A i l  rework and t e s t i n g  a t  BBRC was wi tnessed  by NASA and 
RCA/AED Q u a l i t y  A s s u r a n c e  Represen ta t ives .  A copy of t h e  
J?ai-l.nre Investigation Action Rcport i s  shown i n  Figure V-17.  
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0 
A - Stabilize a t  4-25 C, s tar t  motor, arid perform electrical 

t e s t  pcr TP--1971381, paragraph 5 . 3 ,  Steps 1 through 6. 

E - Stabilize a t  +60 C f 3 C, and conduct  t e s t  per  TP-19'71381, 
paragraph 5.3, Steps 1 through 3 .  

C - Same as "A" 

D - Stabilize a t  -10 C, and conduct t e s t  per TP-1971381, 

0 0 

0 

paragraph s.L, Steps 1 Lhrcugh 3. 

FIGURE V-15. Revised Test Levels for F i l t e r  Wheel Motor Acceptance 
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NASA - MANNED SPACECRAFT C I % & - f  

FAILURE INVESTIGAlIOt4 ACTION REPORT N 0 . p  1 R c : o L .  

Color  f i l t e r  whcel  f a i i e d  t o  r o t a t e  upon a p p l i c a t i o n  of power. 
C y c l i n g  e€ €"OFF s w i t c h  f a i l e d  t o  produee  motor  r o t a t i o n .  
t h e  f i l t e r  wliccl scgn-cnt apppcired i n  v a r i o u s  p o s i t i o n s  and video 
signals from the camera were observed. 

Howcvcr, 

Camei-a i n p u t  c u r r e n t  was 540 ma. 
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